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Art.  I. — The  Muir  Oldcier ;  by  G.  Frederick  Wright. 

1.  Description  of  Glacier  Bay, 

The  Muir  glacier  enters  an  inlet  of  the  same  name  at  the 
head  of  Glacier  Bay,  Alaska,  in  latitude  58°  50',  longitude  136° 
40'  west  of  Greenwich.  (See  fig.  1.)*  Glacier  Bay  is  a  body 
of  water  about  thirty  miles  long  and  from  eight  to  twelve  miles 
wide  (but  narrowing  to  about  three  miles  at  its  upper  end)  pro- 
jecting in  a  northwest  direction  from  the  eastern  end  of  Cross 
Sound.  The  peninsula  inclosed  between  Glacier  Bay,  Cross 
Sound  and  the  Pacific  Ocean  is  from  thirty  to  forty  miles  wide 
and  contains  numerous  lofty  mountain  peaks.  Mount  Crillon, 
opposite  the  head  of  the  bay,  is  15,900  feet  high,  and  Mount 
Fairweather,  a  little  farther  north,  is  15,500  feet.  Mounts 
Lituya  and  LaPerouse,  lying  on  either  side  of  Crillon,  are  not 
far  from  10,000  feet  above  the  sea.  To  the  east,  between 
Glacier  Bay  and  Lynn  Channel,  is  a  peninsula  extending  con- 
siderably south  of  the  mouth  of  the  bay,  and  occupied  by  the 
White  mountains,  whose  height  I  am  unable  to  ascertain,  but 
probably  having  no  peaks  exceeding  10,000  feet. 

Near  the  mouth  of  Glacier  Bay  is  a  cluster  of  low  islands 
named  after  Commander  Beardslee,  of  the  TJ.  S.  Navy.  There 
are  twenty-five  or  thirty  of  these,  and  they  are  composed  of 

*  The  maps  have  been  largely  made  from  original  data.     They  are  square  with 
the  compass,  which  bears  here,  however,  28"*  east  of  north. 
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loose  material, — evidently  glacial  debris, — and  are  in  striking 
contrast  to  most  of  the  islands  and  shores  in  southeastern  Alaska. 
These,  also,  like  all  the  other  land  to  the  south,  are  covered 
with  evergreen  forests,  though  the  trees  are  of  moderate  size. 
The  islands  and  shores  in  the  upper  part  of  the  bay  are  entirely 
devoid  of  forests.     Willoughby  Island,  near  the  middle  of  the 


bay,  is  a  bare  rock,  about  two  miles  long  and  1,500  feet  high, 
showing  glacial  furrows  and  polishing,  from  the  bottom  to  the 
top.  Several  other  smaller  islands  of  similar  character  in  this 
part  of  the  bay  show  like  signs  of  having  been  recently  covered 
with  glacial  ice. 

The  upper  end  of  the  bay  is  divided  into  two  inlets  of  un- 
equal lengths,  the  western  one  being  about  four  miles  wide  and 
extending  seven  or  eight  miles  (estimated)  in  the  direction  of 
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the  main  axis  of  the  bay  to  the  northwest.  The  eastern,  or 
Muir,  inlet  is  a  little  over  three  miles  wide  at  its  mouth,  and 
extends  to  the  north  about  the  same  distance,  narrowing,  at  the 
upper  end,  to  a  little  over  one  mile,  where  it  is  interrupted  by 
tne  front  of  the  Muir  glacier.     The  real  opening  between  the 

2. 
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mountains,  however,  is  here  a  little  over  two  miles  wide,  the 
upper  part  on  the  eastern  side  being  occupied  with  glacial  de- 
bris covering  a  triangular  space  between  the  water  and  the 
mountain  about  one  mile  wide  at  the  ice-front  and  coming  to  a 
point  three  miles  below,  beyond  which  a  perpendicular  wall  of 
rock  1,000  feet  high  rises  directly  from  the  water.     The  raoun- 
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tain  on  the  west  side  of  Muir  inlet,  between  it  and  the  other 
fork  of  the  bay,  is  2,900  feet  high.  That  on  the  east  is  3,150 
feet  high,  rising  to  about  5,000  feet  two  or  three  miles  back. 
The  base  of  these  mountains  consists  of  metamorphic  slate 
whose  strata  are  very  much  contorted, — so  much  so  that  I  found 
it  impossible,  in  the  time  at  command,  to  ascertain  their  system 
of  folds.  Upon  the  summits  of  the  mountains  on  both  sides 
are  remnants  of  blue  crystalline  limestone  preserved  in  syncli- 
nal axes.  In  the  terminal  moraine  deposited  in  front  of  the 
glacier  on  its  eastern  side  are  numerous  bowlders  of  very  pure 
white  marble  coming  in  medial  moraines  originating  in  moun- 
tain valleys  several  miles  to  the  east.  Granitic  bowlders  are 
also  abundant 

2.  Dimensions  and  characteriMica  of  the  Muir  Glacier! 

The  width  of  the  ice  where  the  glacier  breaks  through  be- 
tween the  mountains  is  10,664  feet — a  little  over  two  miles. 
But,  as  before  remarked,  the  water-front  is  only  about  one  mile. 
This  front  does  not  form  a  straight  line,  but  terminates  in  an 
angle  projecting  about  a  quarter  of  a  mile  below  the  northeast 
and  northwest  corners  of  the  inlet  The  depth  of  the  water 
300  yards  south  of  the  ice-front  is  (according  to  the  measure- 
ment of  Capt  Hunter  of  the  steamer  Idaho)  516  feet  near  the 
middle  of  the  channel ;  but  it  shoals  rapidly  toward  the  eastern 
shore.  According  to  my  measurements,  taken  by  leveling 
up  on  the  shore,  the  height  of  the  ice  at  the  extremity  of  the 
projecting  angle  in  the  middle  of  the  inlet  was  250  feet;  and 
the  front  was  perpendicular.  Back  a  few  hundred  feet  from  the 
projecting  point,  and  along  the  front  nearer  the  shores,  the  per- 
pendicular face  of  the  ice  was  a  little  over  300  feet.  A  little 
farther  back,  on  a  line  even  with  the  shoulders  of  the  moun- 
tains between  which  the  glacier  emerges  to  meet  the  water,  the 
general  height  is  408  feet  From  here  the  surface  of  the  gla- 
cier rises  toward  the  east  and  northeast  about  100  feet  to  the 
mile.  On  going  out  in  that  direction  on  the  ice  seven  miles  (as 
near  as  I  could  estimate)  I  found  myself,  by  the  barometer, 
1,050  feet  above  the  bay. 

The  main  body  of  the  glacier  occupies  a  vast  amphitheatre 
with  diameters  ranging  from  thirty  to  forty  miles.  This  esti- 
mate was  made  from  various  views  obtainea  from  the  mountain 
summits  near  its  mouth  when  points  whose  distances  were 
known  in  other  directions  were  in  view.  Nine  main  streams 
of  ice  unite  to  form  .the  grand  trunk  of  the  glacier.  These 
branches  come  from  every  direction  north  of  the  east-and-west 
line  across  the  mouth  of  the  glacier;  and  no  less  than  seventeen 
sub-branches  can  be  seen  coming  in  to  join   the  main  streams 
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from  the  mountains  near  the  rim  of  the  amphitheatre,  making 
twenty-six  in  all.  Numerous  rocky  eminences  also  rise 
above  the  surface  of  the  ice,  like  islands  from  the  sea.  The 
two  of  these  visited,  situated  about  four  miles  back  from  the 
front,  showed  that  they  had  been  recently  covered  with  ice, — 
their  surfaces  being  smoothed  and  scored,  and  glacial  debris 
being  deposited  everywhere  upon  them.  Upon  the  side  from 
whicn  the  ice  approached  these  islands  (the  stoss  side)  it  rose, 
like  breakers  on  the  seashore,  several  hundred  feet  higher  than 
it  was  immediately  on  the  lee  side.  A  short  distance  farther 
down  on  the  lee  side,  however,  the  ice  closes  up  to  its  normal 
height  at  that  point.  In  both  instances,  also,  the  lee  side  of 
these  islands  seemed  to  be  the  beginning  of  important  subgla- 
cial  streams  of  water; — brooks  running  into  them  as  into  a 
funnel,  and  causing  a  backward  movement  of  ice  and  moraine 
material,  as  where  there  is  an  eddy  in  the  water.  In  both  these 
casen  the  lee  sides  of'these  islands  were  those  having  greatest 
exposure  to  the  sunshine.  The  surface  of  the  ice  on  this  side 
was  depressed  from  one  to  two  hundred  feet  below  the  general 
surface  on  the  lee  side. 

The  ice  in  the  eastern  half  of  the  amphitheatre  is  moving 
much  more  slowly  than  that  in  the  western  half.  Of  this  there 
are  several  indirect  indications.  First,  the  eastern  surface  is 
much  smoother  than  the  western.  There  is  no  difficulty  in 
traversing  the  glacier  for  many  miles  to  the  east  and  northeast. 
Here  and  there  the  surface  is  interrupted  by  superficial  streams 
of  water  occupying  narrow,  shallow  channels,  running  for  a 
short  distance  and  then  plunging  down  into  "  moulins  "  to  swell 
the  larger  current,  which  may  be  heard  rushing  along  in  its  im- 
petuous course  far  down  beneath  and  out  of  sight.  The  ordin- 
ary light-colored  bands  in  the  ice  parallel  with  its  line  of  motion 
are  everywhere  conspicuous,  and  can  be  followed  on  the  sur- 
face for  long  distances.  When  interrupted  by  crevasses  they 
are  seen  to  peneirate  the  ice  for  a  depth  of  many  feet,  and  some- 
times to  continue  on  the  other  side  of  a  crevasse  in  a  diflFerent 
line,  as  if  having  suffered  a  lateral  fault.  The  color  of  the  ice 
below  the  surface  is  an  intense  blue,  and  over  the  east- 
ern portion  this  color  characterizes  the  most  of  the  surface. 
Numerous  holes  in  the  ice,  penetrating  downward  from  an  inch 
or  two  to  several  feet  and  filled  with  water,  are  encountered  all 
over  the  eastern  portion.  Sometimes  there  is  a  stone  or  a  little 
dirt  in  the  bottom  of  these,  but  frequently  there  is  nothing 
whatever  in  them  but  the  purest  of  water.  In  the  shallower 
enclosures  on  the  surface  containing  water  and  a  little  dirt, 
worms  about  as  large  around  as  a  small  knitting  needle  and  an 
inch  long  are  abundant. 
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3.  The  Moraines, 

The  character  and  course  of  the  moraines  on  the  eastern  half 
of  the  glacier  also  attest  its  slower  motion.  There  are  seven 
medial  moraines  east  of  the  north-and-south  line,  four  of  which 
come  in  to  the  main  stream  from  the  mountains  to  the  south- 
east (See  fig.  2.)  Near  the  rim  of  the  glacial  amphitheatre 
these  are  long  distances,  in  some  cases  miles,  apart;  but,  as 
they  approach  the  mouth  of  the  amphitheatre,  they  are  crowded 
closer  and  closer  together  near  its  eastern  edge,  until  in  the 
throat  itself  they  are  indistinguishably  mingled.  The  three 
more  southern  moraines  unite  some  distance  above  the  mouth. 
One  of  these  contains  a  large  amount  of  pure  marble.  This 
moraine  approaches  the  others  on  either  side  until  the  distance 
between  them  disappears,  and  its  marble  unites  in  one  common 
medial  moraine  a  mile  or  more  above  the  mouth.  The  fifth 
moraine  from  the  south  is  about  150  yards  in  width,  five  miles 
back  from  the  mouth.  It  is  then  certainly  as  much  as  five,  and 
probably  eight,  miles  from  the  mountains  from  which  the  debris 
forming  it  was  derived.  All  these  moraines  contain  many 
large  blocks  of  stone,  some  of  which  stand  above  the  general 
mass  on  pedestals  of  ice,  with  a  tendencv  always  to  fall  over  in 
the  direction  of  the  sun.  One  such  block  was  twenty  feet 
square  and  about  the  same  height,  standing  on  a  pedestal  of  ice, 
three  or  four  feet  high.  It  is  the  combination  of  these  moraines, 
after  they  have  been  crowded  together  near  the  mouth,  which 
forms  the  deposit  now  going  on  at  the  northeast  angle  of  the 
inlet  just  in  front  of  the  ice.  Of  this  I  will  speak  more  fully  in 
connection  with  the  question  of  the  recedence  of  the  glacier. 
Similar  phenomena,  though  on  a  smaller  scale,  appear  near  the 
southwest  angle  of  the  amphitheatre. 

4.  Indirect  evidences  of  Motioii, 

The  dominant  streams  of  ice  in  the  Muir  glacier  come  from 
the  north  and  the  northwest.  These  unite  in  the  lowler  portion 
to  form  a  main  current,  about  one  mile  in  width,  which  is  mov- 
ing toward  the  head  of  the  inlet  with  great  relative  rapidity. 
Were  not  the  water  in  the  inlet  deep  enough  to  float  the  sur- 
plus ice  away,  there  is  no  knowing  how  much  farther  down  the 
valley  the  glacier  would  extend.  The  streams  of  ice  from  the 
east  and  southwest  have  already  spent  the  most  of  their  force 
on  reaching  the  head  of  the  inlet ;  and,  were  it  not  for  this 
central  ice-stream,  a  natural  equilibrium  of  forces  would  be 
established  here  independent  of  the  water,  and  no  icebergs 
would  be  formed.  The  surface  of  this  central  current  of  mo- 
tion is  extxemely  rough,  so  that  it  is  entirely  out  of  the  ques- 
tion to  walk  far  out  upon  it.     On  approaching  this  portion  of 
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the  glacier  from  the  east  the  transverse  crevasses  diagonal  to 
the  hne  of  motion  increase  in  number  and  size  until  the  whole 
surface  is  broken  up  into  vast  parallelograms,  prisms  and 
towers  of  ice,  separated  by  yawning  and  impassable  chasms 
scores  and  hundreds  of  feet  in  depth.  Over  this  part  of  the 
ice  the  moraines  are  interrupted  and  drawn  out  into  thinner 
lines,  often  appearing  merely  as  patches  of  debris  on  separate 
masses  of  ica  This  portion  of  the  ice-current  presents  a  lighter 
colored  appearance  than  other  portions,  and  the  roughened 
lines  of  motion  can  be  followed,  as  far  as  the  eye  can  reach, 
throagh  distant  openings  in  the  mountains  to  the  north  and 
the  northwest 

The  comparative  rapidity  of  the  motion  in  this  part  of  the 
ice  is  also  manifest  where  it  breaks  off  into  the  water  at  the 
heiad  of  the  inlet  As  already  said,  the  perpendicular  front  of 
ice  at  the  water's  edge  is  from  250  to  300  feet  in  height  From 
this  fiont  there  is  a  constant  succession  of  falls  of  ice  into  the 
water,  accompanied  by  loud  reports.  Scarcely  ten  minutes 
either  day  or  night  passed  during  the  whole  month  without  our 
being  startled  by  such  reports,  and  frequently  they  were  like 
thunder-elaps  or  the  booming  of  cannon  at  the  bombardment 
of  a  besieged  city,  and  this  though  our  camp  was  two  and  a 
half  miles  below  the  icefront  Sometimes  this  sound  accom- 
panied the  actual  fall  of  masses  of  ice  from  the  front,  while  at 
other  times  it  was  merely  from  the  formation  of  new  crevasses 
or  the  enlargement  of  old  ones.  Eepeatedly  I  have  seen  vast 
columns  of  ice,  extending  up  to  the  full  height  of  the  front, 
topple  over  and  fall  into  the  water.  How  far  these  columns 
extended  below  the  water  could  not  be  told  accurately,  but  I 
have  seen  bergs  floating  away  which  were  certainly  500  feet  in 
length.  At  other  times  masses  would  fall  from  near  the  sum- 
mit breaking  off  part  way  down,  and  splashing  the  spray  up  to 
the  very  top  of  the  ice,  at  least  250  feet.  The  total  amount  of 
ice  thus  falling  off  could  not  be  directly  estimated,  but  it  is 
enormous.  Bergs  several  hundred  feet  long  and  nearly  as 
broad,  with  a  height  of  from  twenty  to  sixty  feet,  were  numer- 
ous and  constantly  floating  out  from  the  inlet.  The  steamer 
met  such  one  hundred  miles  away  from  the  glacier.  The 
smijler  pieces  of  ice  often  so  covered  the  water  of  the  inlet 
miles  below  the  glacier  that  it  was  with  great  difficulty  that  a 
canoe  could  be  pushed  through.  One  of  the  bergs  measured 
was  sixty  feet  above  water  and  about  four  hundred  feet  square. 
The  portion  above  water  was  somewhat  irregular,  so  that  prob- 
ably a  symmetrical  form  thirty  feet  in  height  would  have  con- 
tained it  But  even  at  this  rate  of  calculation,  the  total  depth 
would  be  two  hundred  and  forty  feet  The  cubical  contents  of 
the  berg  would  then  be  almost  40,000,000  feet.     Occasionally, 
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when  the  tide  and  wind  were  favorable,  the  inlet  would  for  a 
few  hours  be  comparatively  free  from  floating  ice ;  at  other 
times  it  would  seisin  to  be  full. 

5.  Suhgladal  Streams, 

The  movements  of  the  glacier  in  its  lower  portions  are  prob- 
ably facilitated  by  the  subglacial  streams  issuing  from  the  front. 
There  are  four  of  these  of  considerable  size.  Two  emerge  in 
the  inlet  itself,  and  come  boiling  up,  one  at  each  corner  of  the 
ice-front,  making  a  perceptible  current  in  the  bay.  There  are 
also  two  emerging  from  under  the  ice  where  it  passes  the 
shoulders  of  the  mountains  forming  the  throat  of  the  glacier. 
These  boil  up,  like  fountains,  two  or  three  feet,  and  make  their 
way  through  the  sand  and  gravel  of  the  terminal  moraine  for 
about  a  mile,  and  enter  the  inlet  250  or  300  yards  south  of  the 
ice-front.  These  streams  are  perhaps  three  feet  deep  and  from 
twenty  to  forty  feet  wide,  and  the  .current  is  very  strong,  since 
they  fall  from  150  to  250  feet  in  their  course  of  a  mile.  It  is 
the  action  of  the  subglacial  streams  near  the  corners  of  the 
inlet  which  accounts  for  the  more  rapid  recession  of  the  glacier 
front  there  than  at  the  middle  point  projecting  into  the  water 
south  of  the  line  joining  the  east-and-west  corners.  It  was 
also  noticeable  that  the  falls  of  ice  were  much  more  frequent 
near  these  corners,  and  the  main  motion  of  the  ice  as  after- 
wards measured  was,  not  toward  the  middle  point  projecting 
into  the  inlet,  but  toward  these  corners  where  the  subglacial 
streams  emerged  below  the  water. 

6.  Direct  meastirement  of  the  Velocity, 

No  small  difficulty  was  encountered  in  securing  direct  meas- 
urements of  the  motion  ;  and,  as  the  results  may  be  questioned, 
I  will  give  the  data  somewhat  fully.  As  it  was  impossible  to 
cross  the  main  current  of  the  glacier,  we  were  compelled  to 
take  our  measurement  by  triangulation.  But  even  then  it 
seemed  at  first  necessary  to  plant  flags  as  far  out  on  the  ice  as 
it  was  safe  to  venture.  This  was  done  on  the  second  day  of 
our  stay,  and  a  base-line  was  established  on  the  eastern  shore, 
about  a  mile  above  the  mouth,  and  the  necessary  angles  were 
taken.  But  on  returning  to  repeat  the  observations  three  or 
four  days  afterwards  it  was  found  that  the  ice  was  melting 
from  the  surface  so  fast  that  the  stakes  had  fallen,  and  there 
were  no  means  at  command  to  make  them  secure.  Besides 
they  were  not  far  enough  out  to  be  of  much  service.  It  ap- 
peared also  that  the  base-line  was  on  a  lateral  moraine,  which 
was,  very  likely,  itself  in  motion.     But  by  this  time  it  had  be- 
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come  evident  that  the  masses  of  ice  uniting  to  compose  the 
main  stream  of  motion  retained  their  features  so  perfectly  from 
day  to  day  that  there  was  no  difficulty  in  recognizing  many  of 
them  much  farther  out  than  it  was  possible  to  venture  to  plant 
stakes.  Accordingly  another  base-line  was  established  on  the 
east  side  opposite  the  projecting  angle  of  ice  in  the  inlet.  From 
this  position  eight  recognizable  points  in  diflferent  portions  of 
the  ice-field  were  triangulated, — the  angles  being  taken  with  a 
sextant.  Some  of  the  points  were  triangulated  on  five  diflTer- 
ent  times,  at  intervals  from  the  eleventh  of  August  to  the  sec- 
ond of  September.  Others  were  chosen  later  and  triangulated 
a  fewer  number  of  times.  In  all  cases  given  the  angles  were 
taken  independently  by  Mr.  Prentiss  Baldwin  of  Cleveland 
and  myself  and  found  to  agree. 

The  base-line  finally  chosen  (marked  B  on  fig.  2)  was  at 
the  foot  of  the  mountain  exactly  east  by  the  compass  from  the 
projecting  angle  of  ice  in  the  inlet.  The  elevation  of  the  base- 
line was  408  feet  above  tide, — corresponding  to  that  of  the 
ice-front.  The  distance  of  this  projecting  point  of  iceXnrtarked 
C  on  fig.  2)  from  the  base-line  was  8,534  feet,  and  it  re- 
mained very  nearly  stationary  during  the  whole  time, — show- 
ing that  the  material  breaking  oflF  from  the  ice-front  was  equal 
to  that  pushed  along  by  the  forward  movement.  Satisfactory 
observations  were  made  upon  eight  other  points  numbered  and 
located  on  fig.  2. 

No.  1  was  a  pinnacle  of  ice  1,476  feet  N.  by  30°  E.  from  C. 
The  movement  from  Aug.  14  to  Aug.  24  was  1,653  feet  E.  by 
15**  S.  After  this  date  the  pinnacle  was  no  longer  visible,  hav- 
ing disappeared  along  the  wasting  line  of  front  between  C  and 
the  subglacial  stream  at  the  northeast  corner  of  the  inlet 

No.  2  was  a  conspicuous  pinnacle  of  ice  2,416  feet  N.  by 
16°  E.  pf  0.  Observations  were  continued  upon  this  from  Aug. 
11  to  Sept.  2.  The  total  distance  moved  during  that  time  was 
1,417  feet,  or  about  sixty-five  feet  per  day.  From  Aug.  14  to 
Aug.  24  the  movement  was  715  feet,  or  about  seventy-one  feet 

Er  day.  The  diflFerence  is,  however,  perhaps  due  to  the  neg- 
3t  to  record  the  hours  of  the  day  when  the  observations  were 
taken.  As  these  observations  were  wholly  independent  of 
each  other,  their  substantial  concordance  demonstrates  that 
there  was  no  serious  error  in  the  observations  themselves. 
The  direction  of  movement  of  this  point  of  ice  was  very  nearly 
the  same  as  that  of  the  preceding,  namely,  E.  16°  S.  This 
also  is  towards  the  subglacial  stream  emerging  from  the  north- 
east corner  of  the  inlet. 

No.  3  was  observed  only  from  Aug.  20  to  Aug.  24.  It  was 
situated  3,893  feet  N.  by  62°  E.  of  C;  and  moved  105  feet  in  a 
westerly  direction.     The  westerly  course  of    this  movement 
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probably  arose  from  its  being  near  where  the  easterly  and  north- 
easterly currents  joined  the  main  movement 

No.  4  was  5,115  feet  N.  42®  E.  of  C,  and  moved  from 
Aug.  20  to  Aug.  24,  143  feet  in  a  southeasterly  direction. 

No.  5  was  5,580  feet  N.  48''  K  of  C,  and  moved  289  feet 
from  Aug.  20  to  24  in  a  direction  E.  by  SO""  S. 

No.  6  was  5,473  feet  N.  70°  E.  of  C,  and  moved  232  feet 
from  Aug.  11  to  Sept.  2  in  a  direction  S.  66°  E. 

No.  7  was  6,903  feet  N.  59°  E.  of  C,  and  moved  89  feet 
between  Aug.  14  and  Aug.  24  in  a  direction  S.  3°  E.,  about 
nine  feet  per  day. 

No.  8  was  7,507  feet  N.  62°  E.  of  C,  and  moved  265  feet 
from  Aug.  14  to  Aug.  24  irt  direction  S.  56°  E.  These  last 
three  points  lay  in  one  of  the  moraines  on  the  east  side  of  the 
line  of  greatest  motion  and  parallel  with  it.  These  moraines 
are  much  interrupted  in  their  course  by  gaps. 

Not  having  a  logarithmic  table  with  me  in  camp  these  points 
brought  under  observation  proved  much  nearer  the  eastern  side 
than  I  supposed  at  the  time.  But  the  distances  are  so  great 
that  nothing  better  could  be  done  from  the  base-line  chosen. 
I  should  also  have  established  another  base-line  on  the  western 
side,  but  stormy  weather,  and  the  difficulty  of  crossing  at  the 
times  set  for  doing  so,  interfered.  As  the  problems  are  worked 
out  it  is  observable  that  the  points  chosen  were  all  east  of  the 
center  of  the  main  line  of  most  rapid  motion,  and  are  tending 
with  varying  velocity  toward  the  northeast  corner  of  the  inlet, 
where  the  powerful  subglacial  stream  emerges  from  below  the 
water  level  Doubtless  on  the  other  side  of  the  center  of  mo- 
tion, and  at  the  same  relative  distance  from  the  front,  the  ice 
would  be  found  tending  toward  the  southwest  corner,  where  a 
similar  subglacial  stream  emerges.  I  could  but  wish  that  some 
of  the  points  observed  had  been  farther  back  from  the  front, 
but  must  take  the  facts  as  they  are.  I  supposed  some  of  them 
were  farther  away,  but  as  they  were  projected  on  the  distant 
background  the  true  position  could  not  be  told  until  the  actual 
working  out  of  the  problems. 

From  these  observations  it  would  seem  to  follow  that  a 
stream  of  ice  presenting  a. cross  section  of  about  8,500,000 
square  feet  (5,000  feet  wide  by  about  700  feet  deep)  is  entering 
the  inlet  at  an  average  rate  of  forty  feet  per  day  (seventy  feet 
in  the  center  and  ten  feet  near  the  margin  of  movement),  mak- 
ing about  140,000,000  of  cubic  feet  per  day  during  the  month 
of  August.  The  preceding  remarks  upon  the  many  indirect 
evidences  of  rapid  motion  render  the  calculation  perfectly 
credible.  What  the  rate  may  be  at  other  times  of  the  year 
there  are  at  present  no  means  of  knowing. 
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7.  The  Retreat  of  the  Gkuder, 

The  indications  that  the  Muir  glacier  Is  receding,  and  that 
its  volume  is  diminishing,  are  indubitable  and  numeroas. 
Little  regard  need  to  be  paid  to  the  record  of  Vancouver  a  hun- 
dred years  ago,  for  he  did  not  attempt  to  enter  the  bay  at  all, 
finding  it  so  full  of  ice  near  its  mouth  as  to  deter  him  from  it ; 
hence  his  testimony  that  the  opening  was  full  of  ice  is  so  in* 
definite  that  it  has  little  bearing  upon  the  condition  of  the 
upper  portions  oi  the  bay  at  that  period  of  time.  Nor  need 
any  reliance  be  placed  on  the  traditions  of  the  Indians  to  the 
efifect  that  within  the  memory  of  their  grandfathers  the  ice  ex- 
tended several  miles  farther  down  than  at  the  present  time. 
The  Indians  now  rarely  visit  the  bead  of  the  inlet,  and  the 
quantity  of  ice  floating  on  the  surface  varies  so  much  from  day 
to  day,  and  presumably  from  month  to  month,  that  great  diver- 
sity of  impressions  might  be  received  at  times  separated  by 
even  short  intervals.  The  convincing  evidence  of  the  recent 
retreat  of  the  glaciers  of  this  bay  from  ground  formerly  occu- 
pied by  them  is  of     physical  character. 

The  islands  of  Southern  Alaska  are  ordinarily  covered  with 
forests  of  cedar,  hemlock  and  fir  up  to  the  level  of  perpetual 
snow.  To  this  rule  the  shores  and  islands  of  the  upper  part  of 
Glacier  Bay  are  a  striking  exception.  Near  the  mouth  of  the 
bay  forests  continue  to  occur  as  in  other  parts,  only  on  a 
diminished  scale ;  but  in  the  upper  half  of  the  bay  all  shores 
and  islands  are  perfectly  bare  of  forests,  and  the  rocks  retain 
in  the  most  exposed  situations  fresh  grooves  and  strise  of  glacial 
origiTi.  It  would  be  impossible  for  rocks  so  exposed  in  such  a 
climate,  to  retain  these  for  an  indefinite  length  of  time.  Far 
up  on  the  mountains,  also,  there  are  remnants  of  glacial  debris 
in  situations  such  that  the  material  could  not  have  resisted 
erosive  agencies  for  any  great  length  of  time.  The  triangular 
shaped  terminal  moraine  on  the  eastern  side,  just  below  the 
ice-front,  presents  some  interesting  features  bearing  on  the 
same  point.  This  extends  three  miles  below  the  glacier,  and 
in  its  lower  portions  is  thinly  covered  with  vegetation.  This 
covering  becomes  leas  and  less  abundant  as  the  glacier  is  ap- 
proached, until,  over  the  last  mile,  scarcely  any  plants  at  all 
can  be  found.  Apparently  this  is  because  there  has  not  been 
time  for  vegetation  to  spread  over  the  upper  portion  of  the 
moraine  since  the  ige  withdrew,  for  on  the  mountains  close  by, 
where  the  exposure  has  been  longer,  there  is  a  complete  mat- 
ting of  grass,  flowering  plants,  and  shrubs.  Again,  in  this 
triangular  moraine-covered  space,  there  are  five  distinct  trans- 
verse ridges  marking  as  many  stages  in  the  recession  of  the  ice- 
front     (See    fig.    2.)      These    moraines    of    refrocession   run 
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parallel  with  the  ice-front  on  that  side,  and  at  about  equal 
distances  from  each  other,  each  one  rising  from  the  water's 
edge  to  the  foot  of  the  mountain,  where  they  are  408  feet  above 
tide.  An  inspection  of  the  upper  moraine  ridge  shows  the 
manner  of  its  formation.  This  transverse  ridge  is  one-half  mile 
below  the  icefront,  and  is  still  underlaid  in  some  portions  with 
masses  of  ice  thirty  feet  or  more  in  thickness,  which  are  melt- 
ing away  on  their  sides  and  allowing  the  debris  covering  them 
to  slide  down  about  their  bases.  Kettle-holes  are  in  all  stages 
of  formation  along  this  ridge.  The  sub-glacial  stream  emerging 
from  the  southeast  corner  of  the  glacier  next  the  mountain 
rushes  along  just  in  the  rear  of  this  moraine  ridge  and  in  front 
of  a  similar  deposit-in  process  of  formation  on  the  very  edge  of 
the  ice  where  the  medial  moraines  spoken  of  terminate. 
Eventually  this  stream  will  break  out  in  the  rear  of  that  de- 
posit, also,  and  leave  another  ridge  similar  to  the  one  now 
slowly  settling  down  into  position  south  of  it.  This  first  ridge 
south  of  the  sub-glacial  stream,  with  its  ice  still  melting  in  ex- 
posed positions  under  its  covering  of  gravel,  can  not  be  many 
years  old. 

Still  another  sign  of  the  recent  date  of  this  whole  moraine 
appears  at  various  places  where  water  courses  coming  down  from 
the  mountain  are  depositing  superficial  deltas  of  debris  upon  the 
edge  of  the  older  glacial  deposit  These  deltas  are  very  limited 
in  extent,  though  the  annual  deposition  is  by  no  means  in- 
significant. A.t  the  southern  apex  of  the  moraine,  three  miles 
below  the  ice-front,  and  but  one  or  two  hundred  yards  from  our 
camp,  great  quantities  of  debris  came  tearing  down  in  repeated 
avalanches  during  a  prolonged  season  of  rain.  Twenty-five 
years  would  be  ample  time  for  the  formation  of  the  cone  of 
Sebris  at  the  foot  of  this  line  of  avalanches.  Thus  there  can 
be  no  reasonable  doubt  that  during  the  earlier  part  of  this 
century  the  ice  filled  the  inlet  several  miles  farther  down  than 
now.  And  there  can  be  scarcely  less  doubt  that  the  glacier 
filled  the  inlet,  as  recently  as  that,  1,000  or  1,500  feet  above  its 
present  level  near  the  front.  For  the  glacial  debris  and  striae 
are  very  marked  and  fresh  on  both  mountains  flanking  the 
upper  part  of  the  inlet  up  to  2,500  feet,  and  the  evidences  of  an 
ice  movement  in  the  direction  of  the  axis  of  the  bay  are  not 
wanting  as  high  as  3,700  feet  on  the  eastern  mountain,  upon 
which  I  found  fresh  striae  running  north  by  south  and  directly 
past  the  summit,  which  riscs'1,000  or  1,500  feet  still  higher  just 
to  the  east. 

8.  A  Buried  Forest, 

All  this  is  oecessary  to  a  comprehension  of  one  of  the  most 
interesting  of  problems,  presented  by  the  buried  forests  near  the 
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southwest  corner  of  the  glacier.  (See  A,  fig.  2.)  Below 
this  comer,  and  extending  for  about  a  mile  and  a  half,  there  is 
a  gravel  deposit,  similar  to  that  on  the  eastern  side,  except  that 
it  is  not  marked  by  transverse  ridges,  but  is  level-topped,  ris- 
ing gradually  from  about  100  feet  at  its  southern  termination 
to  a  little  over  300  feet  where  it  extends  north  and  west  of  the 
ice-front  (See  fig.  2.)  The  sub-glacial  stream  entering  the 
inlet  just  below  the  southwest  corner  of  the  ice  emerges  from 
the  ice  about  a  mile  farther  up,  on  the  north  side  of  the  project- 
ing shoulder  of  the  western  mountain  which  forms  that  side  of 
the  gateway  through  which  the  ice  enters  the  inlet.  This  stream 
comes  principally  from  the  decaying  western  branch  of  the 
glacier  before  alluded  to,  and,  after  winding  around  the  pro- 
jecting shoulder  of  the  mountain  Tthis  shoulder  is  315  feet 
A.  T.),  has  worn  a  channel  through  tne  gravel  deposit  lying  be- 
tween the  lower  mile  of  the  glacier  and  the  mountain  a  short 
distance  to  the  southwest.  About  half-way  down,  a  small 
brook,  coming  from  between  this  latter  mountain  and  that 
whose  shoulder  forms  the  western  part  of  the  gateway  just 
north  of  it,  joins  the  main  stream  issuing  from  the  glacier  on  this 
sida  Where  these  streams  unite  at  A  they  are  now  uncover- 
ing a  forest  of  cedar  trees  in  perfect  preservation,  standing 
upright  in  the  soil  in  which  they  grew,  with  the  humus  still 
about  their  roots.  An  abundance  of  their  cones,  still  preserv- 
ing their  shape,  lies  about  their  roots;  and  the  texture  of  the 
wood  is  still  unimpaired.  One  of  these  upright  trunks  measured 
ten  feet  in  circumference  about  fifteen  feet  above  the  roots. 
Some  of  the  smaller  upright  trees  have  their  branches  and 
twigs  still  intact,  preserving  the  normal  conical  appearance  of 
a  recently  dead  cedar  trea  These  trees  are  in  various  stages 
of  exposure.  Some  of  them  are  uncovered  to  the  roots,  some 
are  washed  wholly  out  of  the  soil,  while  others  are  still  buried 
and  standing  upright,  in  horizontal  layers  of  fine  sand  and 
gravel,  some  with  tops  projecting  from  a  depth  of  twenty  or 
thirty  feet,  others  being  doubtless  entirely  covered.  The  roots 
of  these  trees  are  in  a  compact,  stiflF  clay  stratum,  blue  in  color, 
without  grit,  intersected  by  numerous  rootlets  as  long  as  a 
knitting  needle,  which  is,  in  places,  twenty  feet  thick.  There  is 
also,  occasionally  in  this  substratum  of  clay  a  small  fragment  of 
wood,  as  well  as  some  smooth  pebbles  from  an  inch  to  two  feet 
in  diameter.  The  surface*of  this  substratum  is  at  this  point  85 
feet  above  the  inlet.  The  deposit  of  sand  and  gravel  covering 
the  forest  rises  if 6  feet  higher  and  is  level-topped,  at  that 
height,  but  rising  toward  the  north  till  it  reaches  the  shoulder 
of  the  mountain  at  an  elevation  of  300  feet.  The  trees  are 
essentially  like  those  now  growing  on  the  Alaskan  mountains. 
Many  of  them   have  been  violently  broken  ott*  from    five  to 
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twenty  feet  above  their  roots.  This  has  beea  done  by  some 
force  that  has  battered  them  from  the  upper  side  at  the  point  of 
fracture.  Evidently  cakes  of  ice  brought  down  by  the  streams 
indicated  in  the  map,  when  flowing  at  various  higher  levels 
than  now,  have  accomplished  this  result  For  the  trunks  in 
the  main  stream  were  battered  on  the  north  side,  while  those  in 
the  gully  worn  by  the  lateral  stream  were  battered  from  the 
west  side. 

From  this  description  the  explanation  of  this  buried  forest 
would  seem  to  be  evident  enough.  At  some  period,  when  the 
ice  occupied  only  the  upper  part  of  the  valley  to  the  north  of 
this  point,  forests  grew  over  all  the  space  lying  southwest  of  the 
present  ice-front.  As  the  ice  advanced  to  near  its  present  posi- 
tion, the  streams  carrying  off  the  surplus  water  from  the  western 
half  of  •  the  advancing  glacier  were  suddenly  turned  into  the 
protected  space  occupied  by  this  forest,  where  they  deposited 
their  loads  of  sand  and  gravel.  A  cause  very  likely  combining 
to  facilitate  deposition  in  this  spot  has  not  yet  been  spoken  of, 
but  is  evident  when  on  the  ground,  and  from  a  glance  at  the 
map.  A  transverse  valley  passes  just  below  this  point  from 
Muir  inlet  to  the  western  inlet  into  which  Glacier  Bay  divides. 
This  transverse  valley  is  at  present  occupied  by  a  decaying 
glacier  opening  into  both  inlets,  and  sending  a  sub-glacial 
stream,  through  a  long,  narrow  series  of  moraines,  into  Muir 
inlet  about  two  miles  to  the  south.  Now,  when  a  general  ad- 
vance of  the  ice  was  in  progress,  this  transverse  stream  probably 
pushed  itself  down  into  the  inlet  across  the  path  of  the  ice  mov- 
ing from  the  north,  and  so  formed  an  obstruction  to  the  water 
running  from  the  southwest  corner  of  the  main  glacier,  thus 
favoring  the  rapid  deposition  which  so  evidently  took  place. 
When  this  enclosed  place  was  filled  up,  and  the  advancing  ice 
had  risen  above  and  surmounted  the  projecting  shoulder  of  the 
mountain  just  to  the  north,  that  rocky  barrier  protected  a  por- 
tion of  the  forest  from  the  force  of  the  ice  movement,  causing 
the  ice  to  move  some  distance  over  the  top  of  the  superincum- 
bent gravel  before  exerting  its  full  downward  force.  Thus 
sealed  up  on  the  lee  side  of  this  protecting  ridge  of  rock,  there 
would  seem  to  be  no  limit  to  the  length  of  time  the  forest  might 
be  preserved.  I  see  no  reason  why  this  forest  may  not  have 
antedated  the  Glacial  period  itself. 

The  existence  of  other  forests  similarly  preserved  in  that 
vicinity  is  amply  witnessed  to  by  many  facts.  One  upon  the 
island  near  the  west  shore,  four  miles  south,  is  now  exposed  in 
a  similarly  protected  position.  Furthermore,  the  moraine, 
already  described  on  the  east  side  of  the  inlet,  contains  much 
wood  ground  up  into  slivers  and  fragments.  Indeed,  our  whole 
dependence  during  the  month  for  fuel  was  upon  such  fragments 
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lying  exposed  in  the  moraine.  Occasional  chunks  of  peat  or 
compact  masses  of  sphagnum  formed  a  part  of  the  debris  of  this 
moraina  These  also  occurred  on  some  of  the  medial  moraines 
on  the  eastern  side.  I  did  not  go  up  them  far  enough  to  learn 
directly  their  origin.  But,  as  no  forests  were  visible  anywhere 
in  that  direction,  it  is  presumable  that  they  had  been  recently 
excavated  from  preglacial  forests  similar  in  situation  to  that 
now  exposed  on  the  we.st  below  the  ice-front. 

The  capacity  of  the  ice  to  move,  without  disturbing  them, 
over  such  gravel  deposits  as  covered  the  forests,  is  seen  in  the 
present  condition  of  the  southwestern  corner  of  the  glacier 
itself.  As  the  ice-front  has  retreated  along  that  shore,  large 
masses  of  ice  are  still  to  be  seen  lapping  over  upon  the  gravel. 
These  are  portions  of  the  glacier  still  sustained  in  place  by  the 
underlying  gravel  while  the  water  of  the  inlet  has  carried  the 
ice  from  the  perpendicular  bank  clear  away.  This  phenome- 
non,  and  that  of  the  general  perpendicular  front  presented 
by  the  ice  at  the  water's  edge,  accords  with  the  well  known 
fact  that  the  surface  of  the  ice  moves  faster  than  the  lower  por- 
tions. Otherwise  the  ice  columns  at  the  front  would  not  fall 
over  into  the  water  as  they  do. 

9.  Karnes  and  KettHe-holes, 

The  formation  of  kames,  and  of  the  knobs  and  kettle-holes 
characteristic  both  of  kames  and  of  terminal  moraines,  is  illus- 
trated in  various  places  about  the  mouth  of  Muir  glacier,  but 
especially  near  the  southwest  corner  just  above  the  shoulder  of 
the  mountain  where  the  last  lateral  branch  comes  in  from  the 
west.  This  branch  is  retreating,  and  has  already  begun  to 
separate  from  the  main  glacier  at  its  lower  side,  where  the  sub 
glacial  stream  passing  the  buried  forest  emerges.  Here  a  vast 
amount  of  water-worn  debris  covers  the  ice.  extending  up  the 
glacier  in  the  line  of  motion  for  a  long  distance.  It  is  evident 
from  the  situation  that,  when  the  ice-stream  was  a  little  fuller 
than  now,  and  the  sub-glacial  stream  emerged  considerably 
farther  down,  a  great  mass  of  debris  was  spread  out  on  the  ice  at 
an  elevation  considerably  above  the  bottom.  Now  that  the 
front  is  retreating,  this  sub-glacial  stream  occupies  a  long  tun- 
nel, twenty -five  or  thirty  feet  high,  in  a  stratum  of  ice  that  is 
overlaid  to  a  depth  in  some  places  of  fifteen  or  twenty  feet  with 
water- worn  glacial  debria  In  numerous  places  the  roof  of  this 
tunnel  has  broken  in,  and  the  tunnel  itself  is  deserted  for  some 
distance  bv  the -stream,  so  that  the  debris  is  caving  down  into 
the  bed  of  the  tunnel  as  the  edges  of  ice  melt  away,  thus  form- 
ing a  tortuous  ridge,  with  projecting  knolls  where  the  funnels 
into  the  tunnel  are    oldest  and  largest.     At  the  same  time, 
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the  ice  on  the  sides  at  some  distance  from  the  tunnel,  where  the 
superficial  debris  was  thinner,  has  melted  down  much  below  the 
level  of  that  which  was  protected  by  the  thicker  deposit ;  and 
so  the  debris  is  sliding  down  the  sides  as  well  as  into  the  tunnel 
through  the  centra  Thus  three  ridges  approximately  parallel 
are  simultaneously  forming.  When  the  ice  has  fully  melted 
away,  this  debris  will  present  all  the  complications  of  interlac- 
ing ridges,  with  numerous  kettle-holes  and  knobs  characterizing 
the  kames ;  and  these  will  be  approximately  parallel  with  the 
line  of  glacial  motion.  The  same  condition  of  things  exists 
about  the  head  of  the  sub-glacial  stream  on  the  east  side,  also 
near  the  junction  of  the  first  branch  glacier  on  the  east  with  the 
main  stream,  as  also  about  the  mouth  of  the  independent  glacier 
shown  on  the  map  lower  down  on  the  west  side  of  the  inlet. 
(See  fig.  2.)  The  formation  of  kettle-holes  in  the  terminal 
ridges  has  already  been  referred  to.     (See  p.  12.) 

10.  Transportation  and  waste  by  Water, 

Considerable  earthy  material  is  carried  out  from  the  front  by 
the  bergs.  Pebbles  and  dirt  were  frequently  seen  frozen  into 
them  as  they  were  floating  long  distances  away.  Just  how 
many  of  the  bergs  were  formed  from  ice  that  originally  rested 
on  the  bottom  of  the  inlet  I  have  no  means  of  telling.  That 
some  were  so  formed  seems  exceedingly  probable,  if  for  no 
other  reasons  because  of  the  great  amount  of  debris  that  was 
sometimes  seen  frozen  into  them.  It  is  by  no  means  certain 
that  the  subglacial  streams  boiling  up  near  the  upper  corners 
of  the  inlet  were  beneath  the  lowest  stratum  of  ice.  Some 
small  streams  were  seen  pouring  out  from  the  face  of  the  ice 
half  way  up  from  the  water.  It  seems  likely  that  a  great 
amount  of  sediment  becomes  incorporated  in  cavities  in  the 
center  of  the  glacier  through  the  action  of  these  subglacial 
streams;  and  so  is  ready  for  transportation  when  the  masses 
break  loose. 

There  were  two  pretty  distinct  lines  of  motion  in  the  currents 
of  the  inlet,  corresponding  to  those  originating  in  the  subglacial 
streams,  so  that  ordinarily  the  ice-floes  arranged  themselves  in 
the  inlet  along  definite  lines.  But  the  tides  were  so  high  as 
sometimes  to  cause  much  irregularity.  Frequently  large  ice- 
bergs would  be  seen  moving  up  the  lines  of  current  or  diagonal 
to  them.  The  upper  part  of  the  inlet  was  filled  with  the  muddy 
water  coming  from  the  subglacial  streams.  The  line  separa- 
ting this  muddy  water  from  the  clear  water  of  the  bay  was 
driven  now  one  way  and  now  another,  according  to  the  influ- 
ence of  the  tide.  The  steamer's  screw  brought  up  miKjh  muddy 
water  from  below  the  surface  some  distance  down  the  bay,  and 
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where  the  surface  was  clear.  The  sediment  forming  over  the 
bottom  of  the  bay  must  resemble  the  loess  of  the  Missouri  and 
Mississippi  valleys. 

1 1.   Other  Glacier 8  reaching  the  Bay. 

Besides  the  Muir  glacier  there  are  four  others  of  large  size 
entering  the  longer  inlet  to  the  west,  (see  fig.  1.^  These  have 
their  origin  on  the  flanks  of  Mounts  Crillon  and  Fairweather, 
They  have  never  been  studied,  but  are  apparently  as  accessible 
as  the  Muir.  Professor  Muir  and  Rev.  Mr.  Young  are  the  only 
well-informed  persons  who  have  visited  them,  and  their  stay 
was  brief.  I  went  about  half  way  up  the  inlet,  on  its  east  side, 
aud  took  some  photographs  from  points  where  the  whole  out- 
lines could  be  seen.  I  also  saw  them  from  the  mountains  on 
the  east  side.  The  general  appearance  does  not  difiFer  materi- 
ally from  tha*;  of  the  Muir  glacier.  To  complete  the  study 
one  needs  a  small  steam  launch,  and  more  ample  time  and 
preparation  than  we  could  command. 

The  moisture  of  the  climate  is  a  serious  drawback  to  investi- 
gations in  all  that  region,  though  this  is  very  favorable  to  the 
growth  of  glaciers.  The  annual  precipitation  over  southeastern 
Alaska  averages  from  eighty  to  one  hundred  inches.  The 
average  number  of  days  per  annum  on  which  rain  or  snow  has 
fallen  at  Sitka  during  the  last  fifty  years  is  198,  while  some 
years  it  has  been  as  high  as  204.  Fifteen  of  the  twenty- nine 
days  we  were  in  Glacier  Bay  (from  Aug.  4  to  Sept.  2)  were  so 
rainy  as  to  render  observation  impossible*  The  other  days 
were  however,  clear  and  beautiful  beyond  description.  The 
absence  of  forests  also  renders  it  easy  to  climb  the  mountains 
and  observe  from  them.  It  is  to  be  hoped  that  other  expedi- 
tions better  fitted  than  ours,  and  prepared  to  spend  a  longer  time, 
will  soon  make  a  more  complete  study  of  this  now  easily 
accessible  and  most  fruitful  field  for  glacial  investigation. 

12.  Temperature. 

I  append  the  record  of  the  thermometer  from  Aug.  20  to 
Aug.  31,  giving  the  mean  of  three  readings  each  day  taken  at  8 
A.  M.,  2  P.  M.,  and  8  p.  m.  The  temperature  of  the  water  in 
the  upper  part  of  the  inlet  was  uniformly  40*^  F. 

Aug.  26 51-9°  F. 

Aug.  27 46-1°  F. 

Aug.  28 60-6°  F. 

Aug.  29 46**     F. 

Aug.  30 54-8°  F. 

Aug.  31 60-6*'  F. 


Aug.  20 

49-4°  F. 

Aug.  21  

48-9°  F. 

Aug.  22 

..46-1°  F. 

Aug.  23 

...44-6°F. 

Au^.  24 

49-8°  F. 

Aug.  25.  ... 

52-7''  F. 

Ajl  Jouk.  Sci.— Third  Series,  Vol.  XXXIII,  No.  193.— January,  1887. 
2 


Digitized  by 


Google 


18     C,  A.  White — Age  of  Coal  in  the  Rio  Grcunde  region. 

13.  Flora.  , 

The  following  is  the  list  of  plants,  as  identified  by  Professor 
Asa  Gray,  found  in  bloora  about  Muir  inlet  during  the  month 
of  August.  Where  the  altitude  is  not  given  they  were  found 
near  the  tide. 

Arabis  ambigua,  Brong Aug.  26     1600  A  T. 

Arenaria  peploides,  L 28 

Astragalus  dlpinus,  L 7 

Hedysarum  boreale,  Nutt 28 

Sanguisorba  Canadensis  — 6 

Lutkea  sibbaldioides,  Brong 27 

Saxifraga  Lyalli,  Engl 26     1600  A.  T. 

stellaris,  L 27     3000  A.  T. 

Parnassia  timbriata,  Small 27     3000  A.  T. 

palustns,  L 6 

Epilobium  latifoliura,  L 6     1 600  A.  T. 

origanifolium,  Lam.  (?)    28 

Solidago  raultiradiata,  Ait 27 

Erigeron  salsuginosus,  Gray,  arctic  form  27     3000  A.  T. 

Antennaria  margaritacea,  arctic  form 27 

Achillea  millefolium,  L.,  arctic  var 27 

Arnica  obtusifolia,  Les 27     1200  A.  T. 

Campanula  rotundifolia,  L.,  var.  Alaskana  28 

Gentiana  platy petala  (?) 27 

"       Menziesii  (?) 27 

Mertensia  maritima 7 

Castilleja  parviflora,  Brong 28 

Salix  vestita,  Pursh 6 

Habenaria  hyperborea,  R.  Br 27     2650  A.  T. 

Luzula  parviflora, Meyer 

Poa  alpina,  var.  vivipara 26     1500  A.  T. 

Poa  alpina,  L 26     1600  AT. 

Poa  laxa,  Haenke 26     1500  A.  T. 

Phleum  alpinum,  L 26     1600  A.  T. 

Elymus  mollis _. 6 

Hordeum,  sp.  (?) 6 


Art.    II. —  On   the  Age  of  the   Coal  found  in   the  region   trav- 
ersed hy  the  Rio  Qrande;  by  C.  A.  White. 

DuRDQG  the  past  few  years  many  discoveries  of  coal  have 
been  made  within  the  region  which  is  traversed  by  the  lower 
portion  of  the  Rio  Grande,  besides  those  which  were  made  by 
the  members  of  the  United  States  and  Mexican  Boundary  Com- 
mission and  other  early  government  expeditions.  In  Texas, 
coal  has  been  found  in  Webb,  Maverick,  Presidio  and  El  Paso 


Digitized  by 


Google 


G.  A.  White — Age  of  Coal  in  the  Rio  Grande  region,     19 

counties;  and  in  Mexico,  in  the  States  of  Nuevo  Leon  and 
Coahuila.  By  certain  local  geologists  and  mining  experts, 
whose  reports  have  fallen  under  my  observation,  a  part  of  these 
coals  have  been  referred  to  Carboniferous  age,  and  others  to 
Triassic*  age.  From  per^^onal  examination  in  the  field,  extend- 
ing over  a  large  part  of  the  region  in  question,  and  an  exam 
ination  of  fossils  which  have  been  collected  by  diflPerent 
personsf  from  strata  associated  with  the  coals,  I  am  satisfied, 
however,  that  none  of  them  are  of  earlier  than  late  Cretaceous 
age. 

In  some  cases  the  coal  of  this  region  is  worthless  for  practical 
use,  but  in  others  it  is  of  good  quality;  all  of  it  having  the 
ojeneral  characteristics  of  the  coals  which  are  obtained  from  the 
Laramie  and  Fox  Hills  formations  in  Colorado,  Utah  and 
Wyoming.  From  the  data  and  observations  just  mentioned  I 
do  not  hesitate  to  refer  all  the  known  coal  of  the  region  under 
consideration  to  one  or  the  other,  or  both,  of  those  formations. 

In  the  region  of  the  Lower  Eio  Grande  these  two  formations 
appear  to  be  as  intimately  associated  with  each  other  as  they 
are  to  the  northward.  Their  strata  are  so  similar  in  general 
character  that  it  is  usually  difficult  to  define  a  plane  of  demark- 
ation  between  them,  and  in  the  absence  of  paleontological 
evidence  it  is  often  difficult  or  impracticable  to  distinguish  the 
one  from  the  other. 

'  I  have  at  present  no  evidence  of  the  presence  of  the  Laramie 
formation  in  Webb  and  Maverick  counties,  Texas,  the  coal 
which  has  hitherto  been  found  tiiere  belonging  to  the  equiva- 
lent of  the  Fox  Hills  Group  of  the  Cretaceous  period.  The 
mines  at  Santa  Tomas,  some  forty  miles  above  Laredo,  and 
those  seven  miles  above  Eagle  Pass,  are  the  principal  ones  on 
the  Texas  side  of  the  river.  The  equivalent  of  the  latter  coal 
is  also  found  on  the  Mexican  side,  a  few  miles  from  Piedras 
Negras,  opposite  Eagle  Pass. 

From  data  furnished  by  Mr.  Gardiner,  I  also  learn  that  both 
the  Laramie  %  and  Fox  Hills  formations  exist  on  the  Mexican 
side  of  the  Rio  Grande,  in  the  northern  part  of  the  State  of 
Nuevo  Leon  and  the  adjacent  eastern  portion  of  the  State  of 
Coahuila,  and  that  both  formations  are  coal-bearing  there. 

On  the  occasion  of  a  late  journey  in  Coahuila,  I  found  both 
these  formations  to  be  well  developed  in  the  region  which  is 

*In  an  otherwise  important  article  by  W.  H.  Adams,  M.E. ;  in  the  Trans- 
Inst  Mining  Engineers,  vol.  x,  pp.  270-273,  entitled  Goals  in  Mexico,  Santa  Rosa 
District,  he  refers  the  ooal-bearing  rocks  there  to  Triassic  age ;  and  those  at  Eagle 
Pass  to  the  Permian,  both  of  which  references  are  erroneous. 

fThe  collections  referred  to  were  made  by  Mr.  James  T.  Gardiner,  of  New 
York,  Mr.  W.  F.  Cummins,  of  Dallas,  Texas,  and  Mr.  R.  T.  Hill,  of  the  U.  S. 
Geological  Survey. 

}  8^  this  Journal,  TIT,  vol.  xxv,  pp.  207  et  seq. 
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traversed  by  the  Eio  Sabinas,  a  tributary  of  the  Bio  Grande. 
I  traced  the  Laramie  strata  along  the  north  side  of  the  Sabinas 
valley  for  a  distance  of  nearly  forty  miles,  beginning  a  few 
miles  above  Sabinas  station  of  the  Mexican  and  International 
Bailroad,  and  going  down  the  valley  to  the  southeastward.  At 
the  hamlet  of  San  Felipe,  about  fifteen  miles  below  Sabinas 
station,  some  important  mines  have  been  opened  in  the  Laramie 
Group  on  both  sides  of  Rio  Sabinas;  and  the  presence  of  coal 
in  the  same  formatiorj  has  been  proved  at  several  other  locali- 
ties in  the  same  district 

On  the  south  side  of  ihe  river,  some  twenty  miles  southwest- 
ward  from  Sabinas  station,  and  westward  from  the  railroad, 
exposures  of  coal  were  observed  in  strata  equivalent  with  the 
Fox  Hills  Group,  but  no  important  mines  have  yet  been 
openei  there. 

Little  is  yet  known  of  the  charactt-r  of  the  coal  deposits  in 
the  southern  part  of  Presidio  and  El  Paso  counties,  Texas,  re- 
spectively; but  the  c<^al  which  is  found  at  White  O.iks  in 
Southeastern  New  Mexico,  some  75  miles  northeastward  from 
El  Paso,  is  reported  to  be  of  good  quality.  Coal  of  either 
Laramie  or  Fox  Hills  af2:e,  or  both,  is  also  well  known  lo  exist 
at  many  localities  in  New  Mexico  and  Colorado,  along  the 
eastern  base  of  the  mountains.  It  will  thus  be  seen  that  there 
is  a  belt  of  these  two  coal-bearing  formations  extending  nearly 
or  quite  continuously  from  the  valley  of  the  South  Plaite  in 
Colorado  to  ihe  State  of  Nuevo  Leon  in  Mexico. 

It  is  not  necessary  to  inform  the  practical  geologist  that  this 
series  of  strata  is  entirely  distinct  from  the  coal  bearing  rocks  of 
Carboniferous  age  which  extend  southward  through  the  Indian 
Territory  into  Northern  Texas,  and  also  distinct  from  the 
Tertiary  lignite  beds  which  range  through  eastern  Texas  and 
portions  of  other  Gulf  States. 


Art.  III. —  The  Viscosity  of  Sieel  and  its  Relations  to    Temper; 
by  C.  Barus  and  V.  Strouhal. 

[ContiDued  from  vol.  xxxii,  page  466.] 

Miscellaneous  experiments, — 1.  In  tables  27  and  28  we  cite 
the  results  obtained  when  one  of  the  sieel  rods  is  replaced  by  a 
fiber  of  glass.  The  mean  thickness  or  the  diameter  2pg  of 
glass  was  intended  to  be  that  of  the  steel  rod  2p^\  but  it  is 
smaller  in  table  27  and  considerably  larger  in  table  28.  It  is 
impossible  to  store  a  greater  total  torsion  than  ^,— (— jf,)=90° 
in  the  given  system  without  breaking  the  glass  fiber.  The 
equality  of  ip^  and  ip^  is  assumed  merely  for  convenience  in  des- 
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ignation  (cf.  p.  30).  In  table  28,  moreover,  the  glass-hard  rod 
used  daring  the  first  half  of  the  experiment  is  replaced  by  an 
annealed  rod  in  the  second  half,  leaving  the  glass  fibre  unal- 
tered. The  suspension  here  is  practically  uni filar,  since  it  is 
nearly  impossible  mechanically  to  clutch  the  glass  fiber  without 
breaking  it. 

Table  27. —  Apparatus  1. 
7ft=215«°»;  X=27«'":  /<0-2'^'°.     Rods:   No.  35,  glass-hard  steel,  Vi=+45'; 
No.  a,  glass  fiber,  V'2=— 45°;  p,=0-082'^"';  py=0-070'^"'. 


Date. 

0xlO» 

K 

VoxlO' 

(♦) 

-0028 

±0000 

+  0-049[ 

0-070l 

0-4521 

0-514' 

0-641 

0-587, 

0753' 

0-807 1 

0-833 

0-842 

0-854 

Date. 

3/7,    S^H"* 
12    12 
6   27 

^xlO» 

h. 

^0  X  10» 

29/6, 

Sh  20" 

3  42 

4  20 

5  30 
5  61 

(*) 
-0-129 
-0-101 
-0-052 
-0-031 

0  00 

0-37 

100 

2-17 

2-62 

"17-50 

21  05 

22-62 

2603 

41-28 

46-87 

49-27 

60-28 

51-62 

0974 
0-991 
1-026 
1-098 
1-109 

88-95 
92-87 
9912 

1-076 
1-092 
1-127 

4/7,    9"  45"" 
12   09 
3   06 
5   69 

114-42 
116-82 

1-199 
1-210 

3U/6, 

8''60'" 
12   23 
1  57 
5   22 

+  0-351 
0-413 
0-440 
0-486 

.      1-116,119-77 
1-145|  122-65 

1-217 
1-246 

5/7,    9»^39»« 
12   00 

4  43 
6/7,'  8h40">" 

1   62 

5  15 

1-213 
1-228 
1-267 
1-318 
1-339 
1-355 

138-32 
140-67 
145-38 
161-33 
166-63 
169-92 

1-314 
1-329 

lA 

8h37m 

2   12 

4  36 

5  37 

6  67 

9hl9m 

1  45 
5  09 

0  652 
0-706 
0-732 
0-741 
0753 

1-358 

^ 

1-419 
1-440 
1-456 

7/7,    SMg'" 
1    27 

1-420 
1-443 

185-48 
190-12 

1-521 

2/1, 

0-854 
0-879 
C-899 

66-98 
70-42 
73-82 

0955 
0-980, 
1-0001 

1-444 

Table  28. — Apparatus  I 
i?=:223«'»;  Z=23<='".     Rods:  No.  36,  glass-hard  steel,  Vi=  +  45°;  No.  6,  glass 
fiber,   ^,=-45°.    2p,=0-082«="';  0085«^°'<^p^<0120'='". 


Date. 

^xlO« 

h,      j^oXlO«l 

Date. 

^xlO» 

^0 

^oXlO* 

7/7. 

4h|5m 

4  26 

4  38 

5  15 

(*) 
2-995 
2  934 
2-865 

000!        (*)    j 
018    —0  1301 
0-38i   -0-0691 
100'    ±0-000; 

12/7,     7»»36'" 

3-100 

111-33 

-0-236 

Glass-hard 
rod,  viz:    No 
Vi=  +  46°,  2p: 

12/7,    9^39'" 
9   49 
10   64 
5    25 

rod  replaced  by  \ 
.  42,  annealed,   ^ 
=0-082«™ 

3oft  Steel 
460%    l^ 

8/7. 

9M4«> 
12  41 

4  07 

5  47 

2-823 
2  841 
2-868 
2-863 

16-98.    +0-0421 

20-43I     o-a24 

23-87        0-007, 
25-531       0-002' 
40-30    -0-047! 
43-92    -0-063; 
4902    -0075' 

1-358 
1-331 
1-303 

0-00 
0-17 
1-25 
777 

—0-023 
+  0-004 

9/7, 

8»'33"' 
12    10 
5   16 

2-912 
2-928 
2-940 

0032 

13/7,     8^26'" 
12   27 

5  6 

14/7,   >50'" 
12   48 

4  40 
15/7,  10»'45'" 

4   25 

16/7,     9hl6'" 
1    42 

6  64 

1-278 
1-270 
1-270 

1-258 
1-268 
1-266 
1-246 
1-246 
1-237 
1-237 
1-236 

22 -7  8 
26-80 
31-45 

0-057 
0-065 
0065 

10/7, 

8ho4n> 
12   08 
5    18 

2-983 
•2-996 
3010 

63821   -0-118 
67-88    -0-1311 
73051    -0-145 
88-87    —0-1 881 
91-13    -0-193 
9710    -0-212. 
98-73     -0-2161 

47-18 
51-16 
55-02 

0-077 
0-077 
0080 

11/7, 

9h07m 

11    23 

5  21 

6  59 

3053 
3-058 
3-077 
3-081 

7310 
78-77 

0090 
0090 

95-62 
10005 
104-25 

0-098 
0-098 
0-099 

Adjusted. 
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2.  Tables  29,  29 A,  30,  contain  a  part  of  our  results  in  which 
one  steel  wire  is  replaced  by  a  wire  of  wrought  iron,  annealed 
or  drawn  as  specified.  That  the  aii^ounts  of  torsion  are  equal 
in  angle  (jp)  is  again  assumed  for  convenience  of  designation 
only.  />,  is  the  radius  of  steel,  /o,  of  the  iron  wire.  The  apf)lied 
couple  twists  soft  iron  beyond  the  limits  of  elasticity  and  the 
amount  of  instaMtaneous  detorsion  is  here  probably  as  large  as 
i(i^i+i^s)-  I"  c^se  of  steel  instantaneous  detorsion  is  nearly 
zero. 

Table  29. — Appabatus  I. 

i?=223<^'°;  X=26«»";  /<0-2<^'".  Rods:  No.  37,  steel,  annealed,  450^  l^, 
V'=  +  180"*;  No.  c,  wrought  iron,  drawn,  V=— 180°.    2/o,= 0-082'='";  2pi=0-083«". 


Date. 


17/7, 


4h20'n 

4  23 

4  27 

4  51 

5  20 

6  01 


^xlO' 

^0 

^0  X  108 

1-955 

0-20 

-0-387 

2-032 

0  25    -0-310 

2-113 

0-32 

-0-229 

2-286 

0-72 

-0-057 

2-342 

1-20 

±0-000 

2-362 

1-88 

+  0-020 

Date. 


0+108 


18/7,    8»»27« 

2   24 

19/77~9h'37'^ 
12    19 
5   10 


,20/7, 


8**  29"' 
3  45 


K 


16-32 
22-27 


2-1771 
2-I22I 

"2032  41-48 
2-026,  44-18 
2014|  49-03 
1-984| 
1-9771 


64-36 
71-62 


0oXlO» 

-0-165 
-0-220 
^-310 
-0-317 
-0-328 


-0-368 
-0-364 


*  Adjusted  r—h—f. 
Table  30.— Apparatus  II. 
i?=200e°'      Z=27<"°;    /<0-2«"'.      Rods:    No.   38,    steel,    annealed  450^    IS 
^=+180°;  No.  d,  wrought  iron,  soft,  V=  — 180".    2/),=  0082'^'"  ;  2p,.=0- 1 1 2*^^ 


Date. 

0X108 

^0     , 

00  X  108 

• 

16/7,    9h40°» 

9  48 

11    14 

1   48 

.       5  47 

(•) 

0-714 

0-745 

.    0-758 

0-750 

"  6-731 

OOOi 
0-13 
1-57 
413' 
8-23 

-0  026 

+  0005 

0018 

0-010 

17/7,    8^47"" 

2312 

-0-009 

Date. 

18/7,  8»»33°'f 
2   35 


19/7, 


,20/7, 


Thick  iron  wire  replaced  by  thin: 
wire.  Rod  No.  9,  wrought  iron,  soft;! 
V>=  — 180";  2/)=0083«=™. 


9»>38'^ 
12   20 
5    10 

"8»''28^ 
3  44 


0x108  /lo       100X108 


0-146 
0-151' 


16-12i 
21-15 
0-128  (40-20) 
01 19  (42  90) 
0-110  (47-73) 


0082  (63  03) 
0-064  (70-32) 


1V7. 


5''  26"' 

5  30 

6  36 
6  00 


0-755i 
0-745: 
0-7361 
0-718! 


♦OOOi  -0-0191 

0-07  —0-009, 

0-17  ±0-000; 

0-571  +0-0181 


(0-153) 
(0148) 
(O-nT; 
(0-180) 
_(0-189) 
(0-217) 
(0-235) 


I 


*  Accident,  new  adjustment,  data  otherwise  good,  but  distinguished  by  paren- 
theses 
t  Adjusted  r— i— /.     %  Adjusted  r  +  /+/,  but  the  time  not  accurately  noted. 

Table  30A. — Apparatus  IF. 
i?=202^«";  Z=26'^'";  /<0-2<''".     Rods:  No.  50,  annealed  350^  1\  V^ss+lSO**; 
No.  A,  wrought  iron  drawn,  V=  - 180^    2/3,=0084«="' ;  2p,=0-082' "'. 


Date. 

0X108 

ho 

00  X  108 

(*) 

-0-462 

—0-314 

+  O-001 

0-183 

0-208 

0-215 

0-189 

~~"0"i65| 

0-162 

~  0-136 

Date. 

0X108 

h. 

00  X  108 

23/8, 

2*'  OO"" 
2    13 

2  20 

3  U 
5   37 
7    11 

~9MT'»" 
5   13 

(*) 

2-052 
1-914 
1-599 
1-417 
1-392 

000 
0-22 
0-33 
1-18 
3-62 
518 

27/8,     9»»10"' 
7   36 

2878"9'»"21^ 
6   55 

29/8,  10''  11"' 
6   17 

1-483 
1-490 

96  38 
120-13 

0114 

1-492 
1-494 
1-500 
1-601 

0-107 

144-23 

0-100 

24/8, 

1-385 
1-411 
1435 
1-448 

19-28 
27-22 

30/8,    OMl"" 

1-505 
1-515 
1-516 

163-18 
193-66 

0096 

31/8,     1''  19"' 
6   00 

25/8, 

9^05'" 
7    00 

43-08 
6302 
70-65 

0-085 

1/9,    9''  19"' 

1517 

26/8, 

9h  10"' 

A        /\0 

1-460 

0083 

0  /a         oh  AKm 

l.CO^ 

0017.00 

(\.(\*7A 
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3.  Tables  31  and  32  contain  our  results  with  the  tubular 
apparatus,  p^  is  the  inner  radius,  />,  the  outer  radius  of  the  tube. 
Q  and  q  denote  the  right  sections  of  brass  tube  and  steel  wire 
respectively.  Of  course  sections  of  metallic  surface  are  meant 
The  inclosed  wire  is  twisted  alternaiely  in  opposite  directions 
as  is  indicated  by  the  sign  of  ^.  The  result  is  similarly  indi- 
cated by  the  sign  off.  Subscripts  s  and  b  refer  to  steel  and 
brass  respectively.  Table  31  contains  results  for  a  thick  tube, 
table  32  for  a  thin  tube.  Hard  or  soft  rods  are  inserted,  as 
indicated. 

Table  34  is  mentioned  below. 


Tablk  31. — Apparatus  (tubular)  II. 


TJrraeO*";  Z=22*".     Rods;  No.  e,  brass, 


2/0i=0-188«' 
2^a=0-320« 


hard,  2p=0-127<^";   ^=0-053""';  g=0'0127«'»';   ^/g<4-5. 


Date. 


^xlO» 


7/7, 

9h  02™ 

0  308 

12  15  1 

0-390 

5  18  ' 

0420 

8/7, 

9h  19m 

0-460 

12  48  1 

0-465 

5  50  1 

0-476 

9/7, 

S**  30™  , 

0-500 

9/7, 


S^  50'" 
12    12 
5    20 


0-456 
0-337 
0-283 


10/7, 


8'»09"' 

12    09 

5    18 


11/7, 


9*>  20"' 

11    35 

4    15 


11/7, 


4»»  15" 

4  45 

5  23 
7    00 


12/7, 


7h  391,1 
5    29 


13/7,     S*"  30" 


0-222 
0-208 

0-m 

0-161 
0-142 


0-54U 
0-575 
0-597 
0-630 


0718 
0-743 


0-779 


ho 


^oxl08 


*o-oo 

3-22 
8-27 

+  0-002 
-0-080 
-0-110 

21-28 
27-77 
32-80 
47j47 
fb-00," 
3.37' 
8-50, 


-0-150 
-0155 
-0-166 
-0190 
—0056 
+  0-063 
+  0-117 


23-32 
27-32 
32-47 


48-50 
50-75 
55-42 


♦0  00 
0-50 
1-13 
2-75 


15-40 
25-23 
40-25 


+  0-178 
+  0-192 
+  0-209 


+  0-240 
+  0-249 
+  0-258 


+  0-060 
+  0-025 
+  0-003 
—  0  030 


-0-118 
-0-143 
-OT79 


Glass-bard  rod  replaced  by  a  soft  steel 
rod,  viz:  No.  40,  annealed,  450°,  1*>, 
2p=0-127«'°. 


13/7,  10'»04'" 

12    30 

5   05 


14/7,    8»'66" 


0-876'  *0-00 

0886'  2-13 

9-890|  J^-02 

0-894  22-85 


+  0-004 
-0004 
-0-010 

^o^oTi 


Date. 

^xlO» 

ho 

14/7,  8»'57'" 
10  27 
12  45 
4  45 

0-248 
0-248 
0-248 
0-250 

♦0-00 
1-50 
3-80 

7-80 

15/7,  lOMe*" 

0-250 

25-82 

15/7,  10^46"" 
.  12  35 
4  27 

o'310 
0-306 

♦u-00 

1-82 

5-68 

22-57 

16/7,  9»»20°' 

0-299 

No.  89,  steel,  glass- 


^oxlO» 

±0-000 
±0  000 
±0-000 
+  0-002 
+  0-002 


-0-005 
—0-009 
-0016 


Original  hard  steel  rod,  No.  39,  again 
inserted. 


16/7, 


9'»25'" 
11    26 
1    45 
5    58 


17/7, 


8**  50"' 
12    55 
6    04 


18/7. 
19/7, 

20/7, 
20/7, 


21/7, 


gh  27" 

2  28 
~9hJln 

12    20 

5  15 

10''"50" 
11    18    ' 

11  50 
1    53 

3  44 

6  35 

To*'  02^ 

12  18 


0-948 
1-009 
1-028 
1-052 


1093 
1-102 
1-125 


1-151 

_r"160 

"Tl85 

1-186 

1-186 


1-207 

~0-458 

0416 

0-396 

0-354 

0-330 

^-303 

T)^247 

0-239 


♦0-00 
2-02 
4-33 
8-55 


2.<-42 
27-50 
32-65 


4703 
53-05 


72-27 
74  92 

79  83 

95^06 

"fo^oo 

0-47 
100 
305 
490 
T^ 
23-iO 
25-47 


♦Total  twist  v.— (-V'ft)=180°,  twist  of  steel  V«  positive, 
t  Total  twist  ~V.  +  (— V'a)=180o,  ^^^gt  ^f  ^^qq(^  positive. 


+  0-032 
-0-029 
-0-048 
—  0-072 


-0-113 
-0-122 
— 0M46 
-0-171 
-0-180 


-0-205 
-0-206 
—0-206 
-Cr22~7 


-U-062 
-0-020 
±0-000 
+  0-042 
+  0  066 
+  C-093 


+  0  J49 
+  0-157 
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Table  32.— Apparatus  (tubular)  V. 

i?=r260««";  L=22<^«".     Rods:  No.  /,  brass  tube,  |  2pa^-24'".      ^°-  ^'»  ^^^^' 
annealed  450°.  l*",  2p=0-082«'".     ^c=0-0155<-"'*;  ^=0-0054*"'';   ^/5>2-5. 


Date. 

0xlO» 

ho 

0oXlO« 

Date. 

^x10»  1  ho 

^oxlO» 

22/7,  3''38"' 
3  48 
5  39 

"3-602 
3641 
3-518 

fo-oo 

0-17 

2-02 

3-58 

tl6-27 

20-40 

♦0-00 

2-67 

~20-52 

2410 

27-43 

+  "o"o32 
-0-029 
-0-053 

28/7,  9'' 32"' 
1  18 
4  26 

1-476'  12014 

1-498' 

1-602 

0392 

7  13 

29/7,  9'' 04™ 
12  48 
4  33 

30/77  .9^0T^'' 
1  15 
4  16 

1-511  14-^86 

1-518 

1-521 

0-417 

23/4,  7»'64"' 
12  02 

3-465 
3-435 

-0-105 
-0-135 

23/7,  12''  57"' 
3  37 

1026 
1-147 

—0074 
+  0047 

1651  »167'90 

1-654 
1-660 

0-533 

24/7,  9'' 28"' 

1-289 
1-300 
1-307 

0-189 
0-200 
0-207 

1  03 
4  23 

31/7,  9''54"' 
12  44 
4  03 

1  6711  191-94 

1672 

1-672 

0-572 

26/7,  9'' 08™ 

1-398 
1-409 
1-417 
1-433 
1-437 
1-441 

68  18 
71-33 
75-02 

0-298 
0-309 
0-317 

12  17 
3  58 

2/8,  9'' 04" 
1  27 
4  11 

1-689,  239-95 

1-692 

1-695! 

0-592 

27/7,  9'' OS"* 

95-71 

0-337 

12  38 
4  13 

5/8,  1»'42™ 
6  27 

1-727-338-63 
1-727| 

0-627 

*  Adjusted  anew, 
t  Total  twist- V',+ 


i?=370c"';  X=26«"';  /<0-2'^"'.     Rods 
nealed  450°,  V;=+ 180\    2p=0-082.««> 


t  Total  twist  V,-(V'6)=180*,  twist  of  steel  positive. 
(  +  ^4)=  180°,  twist  of  steel,  negative. 

Table  84.— Apparatus  III. 

No.  61,  soft,  V=-180'*;  No.  52, 


Date. 

fxlO* 

ho 

^oXlO»i!    Date. 

20/8,  12'' 35™ 
12  50 
6  44 

« 

0-291 
0-306 

0-00 
0-25 
6-15 

« 
-0-004 
+  0011 

.26/8,  9'' 06™ 

7  01 
26/8,  9»'  10'" 

4  08 
27/8,  9''  10™ 

7  36 
28/8,  9'' 20™ 
1      6  55 
29/8,  10''  12™ 

6  17 
^30/8,  9'' 11™ 

21/8,  9'' 07'" 
5  00 

0-314 
0-311 

20-53 
28-42 

0-019 
0-016 

21/8,  5'' IS™ 
5  25 
7  08 

t 

0-646 
0-551 

000 
0-16 

1-88 

t 
-0-002 
+  0-003 

22/8,  9'' 57'" 
6  54 

0-556 
0-561 

16-70 

25-65 

~39^ 

48-36 

0-008 
0-013 
0-013 
0013 

23/8,  9'' 08"' 
6  37 

0-561 
0-561 

24/8,  9'' 18™ 
5  13 

0-581 
0-581 

68  00 

0033 

1 
1 

0x  10» 


0-581 
0-568 


0-568 
0-566 


0-548 
0-530 


0-530 
0-520 


0-615 
0-507 


0-505 


ho 


92-80 


115-40 


144-13 


164'87 


18899 


207  93 


^0  X  103 


0027 


0-014 


-0009 


-0023 


-0-037 


-0-043 


*  Adjusted  t — 6  — /.  f  Re-adj  usted  r  +  b+f. 

We  have  not  yet  made  the  tubular  apparatus  as  sensitive  in 
its  indications  as  is  the  bifilar.  The  results  are  nevertheless 
sufficiently  sharp  and  pronounced  and  are  cited  here  for  their 
important  bearing  in  the  inferences  to  be  drawn  for  steel.  Fine 
glass  tube  is  to  be  preferred  to  brass. 
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Discussion. 

Viscosity  and  temper, — 1.  The  results  of  tables  J  to  26  may 
be  discussed  in  two  ways:  We  may  either  accept  some  definite 
and  applicable  law  like  that  of  Weber  or  of  Kolilrausch,  and 
calculate  the  mean  constants  for  each  set  of  results ;  or  we  may 
construct  them  graphically  and  then  calculate  the  coordinates 
of  the  mean  curve  for  each  set.  The  latter  is  decidedly  the 
better  way,  because  it  is  less  arbitrary  and  more  convenient. 
In  table  83  the  mean  results  in  question  are  thus  summarized. 
The  first  three  columns  indicate  the  tables  from  which  in  each 
case  the  selections  are  made,  the  rods  selected,  and  their  tem- 

Sers.  The  remaining  columns  contain  the  diflFerences  of  viscous 
etorsion,  ^„  in  radians  per  centimeter  of  length  of  the  bifilar, 
one  of  the  wires  of  which  is  invariably  glass-hard,  the  other 
annealed  as  stated.  «>,  is  arbitrarily  fixed  at  zero,  for  one  hour 
after  a  twist  of  +180  and  —180^  has  been  imparted  to  the  soft 
and  hard  wire,  respectively. 


Table  ^Z.—IHgeai  of  the  mean  restUta, 

Tables  1  to  26. 

Table  No. 

RodsNos. 

AnDealed 
at 

^0  X  10*  in  radiaus  per  centimeter  of 
length  at 

50»> 

100»> 
Oil 

0-16 

200^^  260»' 

aooh 

350»' 

400»> 

1,  2 

47,43 

20%  oo** 
(glass-hM) 

0-08 

0-19 

6A,  6A,  7,  8 

(3,4,5,6,7,8 
9,  10,43,44, 
(  46,  46 

lOOO,  lO^* 

0-69 

0-96 

1-41 

1-58 

1-71 

... 

10,  13,   13A,  14 

(  11,12,13,  14 
J  15,16,  19,20 

}        21,22 

190%  Ih 

1-38 

1-89 

2*27 

2-63  2-95 

16,  18 

360%  l** 

1-80 

2-61 

313 

3-53  3-84 

414 

4-42 

4-70 

19,  20 

j        23, 24 
26,  26 

450%  Ih 

201 

276 

3-31 

3-75  4-14 

4-49 

4-80 

6-07 

23,  24,  26.  26 

(    27,  28.  29 
<    30,  31,  32 
(        33,  34 

lOOOo 

1-76 

2-51 

3-10 

3-61   4-04 

4-40 

4-67 

.... 

AU  radii  identically  2p=0*082<:'°.  Like  signs  of  ^  and  of  f  refer  to  the  same 
angular  direction. 

The  results  of  table  83  are  graphically  constructed  in  figure 
3,  time  in  hours  as  abscissa,  ditFerence  of  angular  detorsion  y„ 
in  radians,  as  ordinate. 

Table  23  and  figure  3  lead  to  this  curiously  remarkable  re- 
sult: If  we  abstract  for  the  moment  from  the  states  of  temper 
extreme  hard  and  extreme  soft,  the  viscosity  of  steel  decreases  in 
proportion  as  the  hardness  of  the  metal  increases.     We  call  to  mi  nd 
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here  that  the  torsion  imparted  was  not  sufficiently  large  to  pro- 
duce marked  permanent  set.     If  we  express  its  intensity  by 


{QAE)^(p^  and  introduce  the  constants  of  the  apparatus 

we  find  that  the  moment  of  the  applied  torsion  couple  did  not 
exceed  0*5  kg.  on  centimeter  of  arm.  (Of.  remark  on  stress 
value,  p,  30.)  If  following  Sir  William  Thomson,*  we  agree 
that  "tne  molecular  friction  in  elastic  solids  may  properly  be 
called  viscosity  of  solids,"  then  our  deduction  may  be  stated, 
the  molecular  friction  in  case  of  steel  is  greater  in  proportion  as  the 
inetal  is  soflei\j[  Examples  of  such  relations  in  divers  sub- 
stances are  not  unknown.     Hard  steel  as  regards  viscosity  and 

♦Thomson:  Lc,  or  Thomson  and  Tait,  Satural  Philos.,  II,  p.  303,  1883.  Our 
present  conception  of  the  viscosity  of  liquids,  as  well  as  the  hvpotheticaied 
proportionality  of  frictional  resistance  and  velocity  were  introduced  by  Newton 
(Principia,  L.  II,  Sect.  ix.  "resistentia  qu»  oritur  ex  defectu  lubricitatisV). 

f  Degrees  of  thermo-electric  hardness  are  here  specially  in  place.  Of.  U.  8. 
Geolog.  Survey,  Bull.  14,  p.  65. 
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hardness  may  be  typified  by  sealing-wax  ;  soft  steel  by  tallow.* 
Nevertheless  the  continuous  variations  of  these  properties  ex- 
hibited by  steel  is  as  unique  as  it  is  striking.  Indeed  we  felt 
diflBdence  in  reporting  this  result  and  have  taken  pains  to  sub- 
stantiate it. 

The  motion  of  the  bifilar  body  of  the  above  apparatus  can 
be  interpreted  from  two  standpoints:  Either  it  is  due  to  the 
torsional  couple  and  the  result  of  viscous  yielding  of  the  harder 
wire  relatively  to  the  softer;  or  it  may  be  due  to  the  bifilar 
and  flexural  couple  and  is  then  the  result  of  viscous  yield- 
ing of  the  softer  wire  relatively  to  the  harder  (xxxii,  p.  466.). 
But  the  bifilar  and  flexural  couples  have  been  proved  to  be 
zero  and  to  produce  a  zero  effect.  Hence  the  inference  above 
italicized  is  alone  admissible.  Again,  in  the  bifilar  apparatus 
where  steel  is  twisted  against  glass  (table  28)  the  soft  steel  is 
demonstrably  more  viscous  than  glass.  Hard  steel,  as  shown 
by  its  behavior  with  the  same  fibre,  is  less  viscous  than  soft 
steel.  We  do  not  wish  to  say  that  it  is  less  viscous  than  glass 
because  the  sectional  area  of  the  latter  fiber  is  larger.  Again, 
in  table  31,  which  contains  the  data  obtained  with  the  tubular 
apparatus,  soft  steel  yields  viscously  at  about  the  Fame  rate  as 
the  brass  tube  of  more  than /our  times  the  sectional  area  of  the 
steel  wire.  Hard  steel  under  the  same  circumstances  yields  at 
a  very  much  greater  rate  than  brass. 

Our  results  for  degrees  of  hardness  higher  than  "Annealed 
100**,  10^  "  are  to  be  regarded  incomplete  because  of  the  mag- 
netic importance  of  those  degrees.  As  steel  passes  in  hardness 
from  ^'Annealed  460''"  lo  "Annealed  lOOO""'  (soft),  it  probably 
marches  through  pronounced  maximum  viscosity.  This  result 
is  pretty  clearly  indicated  by  table  33  and  figure  3.  Here  also 
the  results  are  to  be  regarded  incomplete  because  of  the  mag- 
netic importance  of  the  (soft)  degrees  of  hardness  in  question. 
Our  methods  of  annealing  between  500°  and  1000°  are  not  as 
yet  satisfactory. 

2.  If  we  compare  the  results  of  table  33  or  of  fig.  3  with  the 
known  thermo-electric  behaviorf  of  steel  wires,  we  detect  a 
very  striking  similarity  in  contour  and  position  of  correspond- 
ing members  of  the  viscous  and  thermo-electric  families  of 
carves.      Both    phenomena    practically   subside   in    the   first 

{)hase  of  annealing;  the  effect  of  temperature  becomes  rapidly 
ess  as  higher  degrees  are  approached. 

3.  The  relations  between  hardness  and  viscosity  here  en- 
countered may  perhaps  be  conceived  somewhat  as  follows: 
Suppose  stress  to  be  so  distributed  in  a  solid  that  its  applica- 

♦These  examples  (tallow,  sealing  wax)  are  given  by  Maxwell:  Heat,  p.  296, 
Appleton,  N.  Y.,  1883. 

f  U.  S.  Geol.  Survey,  Bull.  14,  pp.  64,  55. 
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tion  at  any  interface  is  nowhere  sufficient  to  produce  rupture. 
Then  that  property  of  a  solid  in  virtue  of  which  it  resists  very 
small  forces  (zero-forces)  acting  through  very  great  intervals  of 
time  (oo-times)  may  be  termed  the  viscosity  of  the  solid.  That 
property  in  virtue  of  which  it  resists  the  action  of  very  large 
forces  (co-forces  relatively)  acting  through  zero-time  may  be 
termed  the  hardness  of  the  solid.  Since  the  application  of 
forces  in  such  a  way  as  accurately  to  meet  either  of  these  cases 
is  rare,  we  have  in  most  practical  instances  mixtures  of  viscous 
resistances  and  of  hardness  to  encounter.  We  may  reasonably 
conceive  that  in  the  case  of  viscous  motion  the  molecules  slide 
into  each  other  or  even  partially  through  each  other  per  inter- 
change of  atoms,  so  that  the  molecular  configuration  is  being 
continually  reconstructed  ;  that  in  the  other  case  (hardness)  the 
molecules  are  urged  over  and  across  each  other  and  that  there- 
fore the  intensity  of  cohesion  is  in  this  case  more  or  less 
thoroughly  impaired.  The  interpenetration  of  the  molecules  of 
a  viscous  substance  is  necessarily  favored  by  temperature. 
Hence  we  infer  the  experimental  result  that  the  viscous  influ- 
ence of  temperature  is  marked.  If  Clausius^s  theory  of  elec- 
trolysis be  correct,  then  a  certain  instability  or  imperfect  uni- 
formity in  the  molecular  structure  of  solids  follows  at  once 
from  the  fact  that  many  solids,  notably  glass,*  may  be  electro- 
lyzed  even  at  moderately  high  temperatures  (300°). 

4.  The  stored  torsional  stress  imparts  a  strain  to  the  solid. 
Viscous  detorsion  therefore  is  accompanied  by  a  residual  phe- 
nomenon. The  observed  deformation  will  continue  until  the 
aj)plied  tendency  to  change  of  form  is  reduced  in  value  to  the 
evoked  and  increasing  tendency  against  change  of  form.  If 
the  api»lied  stress  be  removed,  the  reciprocating  stress  becomes 
apparent  and  produces  viscous  effects  of  its  own  kind,  as  Kohl- 
rausch  has  shown.  The  result  has  many  magnetic  and  electri- 
cal analogies,  among  which  the  phenomenon  of  residual  static 
charge  is  most  obvious.  In  the  tubular  apparatus  (table  81), 
the  residual  deformation  of  tte  f)receding  twist  may  be  super- 
imposed on  the  deformation  immediately  in  progress.  Whether 
the  two  residual  phenomena  here  annul  each  other  so  that  the 
primary  detorsion  is  alone  exhibited  remains  to  be  seen. 

In  liquids  there  is  no  such  reaction  unless  it  be  the  recipro- 
cating force  of  galvanic  polarization.  In  polarization,  how- 
ever, the  mechanism  is  of  an  obviously  chemical  kind.  In 
solids  it  is  believed  to  be  not  chemical. 

Sectional  areas  of  biflar  wires, — The  essential  peculiarity  of 
the  bifilar  apparatus  is  this,  that  the  two  wires  are  twisted  by 

♦Warburg:  Wied.  Ann.,  xxi,  p.  622,  1884.  Literary  notes  are  there  given. 
Warburg  is  able  to  replace  ^  of  the  sodium  of  glass  by  sodium  of  the  anode. 
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identical  couples.*  The  absolute  value  of  these  couples  during 
the  experiment  remains  constant  to  2  or  8  per  cent.  If  the 
sectional  areas  of  the  wires  be  identical  our  apparatus  leads  to 
results  which  come  very  close  to  Newton's  definition  of  vis- 
cosity. Newton  suggested  that  the  internal  friction  of  liquids 
is  azt.  par,  directly  proportional  to  the  difference  of  velocity 
between  nearly  contiguous  surfaces.  In  the  bitilar  apparatus 
the  torsional  viscosities  of  two  substances  are  equal  if  for  iden- 
tical strains  and  equal  sectional  areas  torsional  change  of  form 
occurs  at  like  rates  per  unit  of  length  This  is  the  condition 
of  rest  or  zero-motion  of  ihe  suspended  body. 

We  do  not  at  present  wish  to  do  more  than  advert  to  an  im- 
portant deduction  here:  it  is  obvious  that  if  the  sections  of  the 
wires  be  80  c'  osen  that  the  motion  of  the  bi filar  body  is  zero, 
the  vi^cosity  of  the  wires  must  be  inversely  related  to  those 
sections.  This  principle  apparently  enables  us  to  arrange  solids 
in  a  scale  of  viscosity.  We  may  formulate  it  approximately 
thus: 

Consider  an  elementary  ring  of  either  wire,  whi)8e  height  is 
dz  and  whose  right  sectional  area  is  ^itrdr.  Let  df  be  the 
anoount  of  tangential  force  uniformly  distributed  over  this  area. 
At  the  time  t  let  the  velocity  of  the  upper  surface  relatively  to 
the  lower  be  cr,  where  c  is  a  time-function  and  cceU  par,  a  char- 
acteristic of  the  viscosity  of  the  wire.  Then  if  /«,  be  the  co- 
efficient of  viscosity  at  the  time  t  we  have 

-^         cr2nrdr      ^       cr^  . 

If  we  multiply  by  r  and  tl»en  integrate  between  zero  and  p 
(thickness  =  2/o),  the  numerical  result  is  the  part  of  the  im- 
pressed torsional  couple  which  corresponds  to  the  length  dz, 
A.  similar  integral  holds  for  the  other  wire,  to  distinguish 
which  it  is  merely  necessary  to  accentuate  /  /£|,  c,  r,  p,  The 
sum  of  the  two  integrals  is  zero.  If,  moreover,  we  put  c=c^ 
in  view  of  the  state  of  rest  of  the  bifilar  body,  we  find  that  the 
viscosities  (p^,  p\)  of  the  two  substances  (wires)  are  to  each 
other  inversely  as  the  squares  of  the  respective  sectional  areas 
by  which  the  motion  of  the  bifilar  su«pensioi)  is  annulled. 

Unfortunately  the  problem  is  much  more  complex  than  it 
here  appears.  Tiie  aependence  of  torsional  deformation  on 
linae  in  case  of  a  single  wire  is  obviously  related  to  the  char- 
acter of  the  molecule.  When  two  different  substances  in  wire 
form    are  twisted   bifilnrly  against  each   otiier,  the  effect  will 

*  Many  years  ago  we  compared  the  longitudinal  resilience  of  hard  and  soft 
steel  by  fastening  one  end  of  thin  wires  in  a  vise  and  bending  them  with  a 
weight  applied  at  the  other.  We  found  but  insignificant  differences.  Hence  the 
stored  torsions  of  iwo  steel  wires,  hard  and  soft,  produced  by  equal  couples  are 
ctei.  par.  of  equal  angular  value. 
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rarely  be  such  that  the  torsional  yieldings  continually  equalize 
each  other,  no  matter  what  relations  of  section  may  be  cnosen. 
The  motion-curve  of  the  bi filar-suspension  will  show  maxima 
or  even  points  of  circumflexion,  such  as  have  been  actually 
encountered  in  tables  28,  29,  29A,  and  the  definition  of  rela- 
tive viscosities  of  the  two  wires  will  become  correspondingly 
involved. 

Again,  fi^  for  solids  is  not  merely  a  function  of  time  but  very 
essentially  a  function  of  stresa  Above  we  show  (xxxii,  p.  452) 
how  by  simply  adjusting  the  lengths  of  the  bifilar  wires,  vis- 
cosities may  be  compared  at  a  given  temperature,  as  time- 
functions  with  identical  values  of  the  parameters  stress,  strain 
(sectional  area).  We  do  not  believe  that  viscous  detorsion  in 
this  full  relation  has  ever  been  rigidly  investigated.  The  re- 
sults would  lead  to  families  of  curves. 

Given  a  quadrifilar  arrangement  of  four  viscously  identical 
wires.  Let  the  twist  ^„  be  stored  between  any  two  of  them 
and  then  let  the  twist  jJ,,,,^  be  additionally  stored  between 
these  two  as  one,  and  the  third  and  fpurth  wire  as  one.  Such 
a  device  enables  us  in  the  above  way  to  study  viscosity  in  its 
simple  dependence  on  strain,  for  all  values  of  stress.  We 
have  not,  after  some  searching,  been  able  to  find  definite 
evidence  of  a  viscous  strain-effect. 

Viscosity  and  strain, — 1.  When  we  commenced  the  present 
research  a  comparison  of  the  viscosity  of  glass  and  steel  ap- 

E eared  desirable.  In  tables  27  and  28  such  comparisons  have 
een  attempted,  though  we  regret  that  our  available  time  has 
not  permitted  us  to  pursue  them  further.  In  table  27,  the 
sectional  area  of  glass  fiber  is  less  than  that  of  steel  wire; 
nevertheless  the  viscous  yielding  of  the  fiber  is  so  much  more 
rapid  than  that  of  the  wire,  that  we  may  reasonably  infer 
degrees  of  viscosity  of  the  same  order  in  the  two  substances. 
In  table  28,  the  sectional  area  of  glass  exceeds  that  of  steel. 
Hence  these  data  prove  that  the  torsional  viscosity  of  annealed 
steel  is  greater  than  that.of  glass.  The  viscosity  of  hard  steel 
during  the  first  ten  hours  of  detorsion  is  certainly  very  much 
greater  than  that  of  glass.  During  the  remainder  of  the  time 
it  is  decidedly  less.  The  curve  passes  through  a  maximum  for 
which  point  the  rates  of  viscous  detorsion  of  glass  and  of  glass- 
hard  steel  exactly  coincide.  Since  the  sectional  area  of  glass 
is  greater,  we  safely  infer  that  the  viscosity  of  glass  is  not  uni- 
formly greater  than  that  of  glass-hard  steel.  It  is  well  to  call 
to  mind,  however,  that  the  sum  of  the  torsions  is  here  only 
^,-f-jJ^=90°.  Moreover,  since  for  equal  couples  and  dimensions 
Egipg^Ejij)^  where  E  is  Young's  modulus*  of  resilience  for 

*  To  obtain  an  estimate  it  is  sufiBcient  to  accept  the  same  ratio  of  modulus  of 
torsion  to  modulus  of  longitudinal  resilience  for  each  case.  Poisson's  ratios  for 
glass  and  steel  are  about  as  26  to  30. 
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glass  and  for  steel  respectively  and  ip  the  corr^poDdiDg  tor- 
sion; and  since  ^/i?,=l/3  approximately,  it  appears  that 
^^=3jf,  nearly.  Bence  for  equal  stresses,  strains  are  thor- 
oughly unequal,  and  in  ihe  same  measure  are  these  compari- 
sons not  thoroughly  just.     Cf.  xxxii,  p.  30. 

2.  A  similarly  important  desideratum  is  the  comparison  of 
the  viscosities  of  steel  and  of  iron.  In  tables  29,  29A  and  30 
such  comparisons  are  made,  though  further  results  are  not  su- 
perfluous. It  appears  distinctly  that  during  the  first  five  or  ten 
hours  of  detorsion  the  viscosity  of  iron  is  in  a  strikingly  pro- 
nounced manner  less  than  that  of  steel.  As  detorsion  continues 
the  viscosity  of  soft  iron  continually  remains  below  that  of 
steel,  whereas  the  viscosity  of  drawn  iron  grows  temporarily 
greater  than  steel  but  finally  reaches  the  same  value.  In  this 
case  the  motion-curve  *  passes  through  an  exceedingly  sharp 
maximum,  at  which  the  viscous  yielding  of  iron  and  of  steel 
occurs  at  like  rates.  Having  exhibited  greater  viscosity  in 
drawn  iron  it  finally,  per  circumflexion,  merges  into  a  horizon- 
tal asymptote,  which  probably  indicates  subsidence  of  motion 
in  each  wire.  These  unexpected  results  show  that  the  viscosity 
of  steel  is  not  uniformly  greater  than  that  of  iron.  Obviously 
glass-hard  steel  for  the  given  stress  is  very  much  less  viscous 
than  iron. 

The  sum  of  the  twists  is  here  nominally  jf,— (— j^<)=360^ 
Particularly  in  the  case  of  soft  iron  its  efficient  value  is  very 
decidedly  less,  however.  The  applied  torsion  carries  the  iron 
wire  much  beyond  the  limits  of  elasticity  ;  and  so  much  of  the 
stress  vanishes  instanter  that  the  "after-action"  subsides  within 
relatively  small  limits.  The  viscosity  of  (soft)  iron  is  either 
less  or  greater  than  that  of  hard  sieel  according  as  the  applied 
torsional  stress  surpasses  or  falls  below  a  certain  critical  value. 
This  result  again  snows  the  importance  of  stress-measurement, 
as  a  means  of  coordinating  the  lingering  of  purely  viscous  de- 
formation, and  the  instantaneous  (?)  deformation. 

In  the  above  results  the  curvature  of  the  (absolute)  motion 
curve  for  a  single  wire  increases  uniformly  from  hard  steel  to 
soft  steel ;  increases,  moreover,  from  soft  steel  to  iron.  Curva- 
ture is  greater  in  the  glass  curve  than  in  hard  steel  curves.  So 
far  as  we  have  observed  (steel,  iron,  glass)  viscous  deformation 
occurs  more  nearly  at  uniform  rates  (linearly)  in  proportion  as 
hardness  is  greater.  Curvatures  for  early  time  are  meant,  the 
later  parts  of  curves  being  asymptotes. 

3.  The  remarks  just  made  on  the  viscosities  of  glass  and  iron 
suggest  this  plausible  inference:  if  glass  and  steel  be  alike  sub- 
jected to  a  stated  process  of  quenching,  and  if  after  the  opera- 
tion has  been  performed  glass  be  found  to  have  retained  a  very 
high  intensity  of  strain  (Rupert's  drop),  then,  a  Joriiori^  steel, 
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the  substance  tf  greater  viscosity,  must  have  retained  a  similarly 
high  intensity  of  strain.  ^This  reasoning,  however,  is  incom- 
plete and  must  be  approached  with  caution.  We  pointed  out* 
that  the  low  degrees  of  thermal  conductivity  possessed  by  glass 
were  favorable  to  the  retention  of  strain.  We  also  remarkedf 
that  the  occurrence  of  Gore's  phenomenon  of  sudden  expansion 
at  red  heat  distinguished  iron  and  strel  from  all  other  metals, 
and  that  in  spite  of  relatively  good  thermal  conductivity,  iron 
and  steel  possessed  virtually  all  the  favorable  conditions  of 
glass  for  retaining  strain.  Whether  differences  of  viscosity  are 
sufficient  to  account  for  the  unlikeness  of  behavior  during 
quenching  we  are  unable  to  say.  It  will  be  necessary  to  com- 
pare iron  and  steel  at  higher  than  ordinary  temperature  and 
also  under  greater  values  of  applied  stress  than  was  easily  fea- 
sible in  the  above  experiments.  In  other  words,  iron  and  soft 
steel  are  nearly  equally  viscous  for  small  values  of  stress. 
After  stress  exceeds  a  certain  intensity,  the  permanent  set  sud- 
denly imparted  to  iron  is  enormously  great  as  compared  with 
steel.  Similar  relations  are  true  for  soft  steel  when  compared 
with  hard  steel.  It  is  this  class  of  "sudden"  phenomena 
which  come  into  play  during  quenching.  The  primary  effect 
of  quenchmg  steel  is  chemical  hardness.  Strains  are  retained 
in  the  steel  so  modified,  just  as  they  are  in  glass:  whereas  in 
soft  steel  or  soft  iron  the  result  would  be  permanent  set.  The 
occurrence  of  sudden  and  gradual  deformation  in  a  single  sab- 
stance  suggests  that  ordinary  static  friction  is  probably  a  viscous 
phenomenon. 

We  add  in  passing  that  the  observed  ineflSciency  of  tempera- 
tures less  than  200°  in  producing  marked  viscous  deformation 
in  a  Rupert's  drop  proves  that  mere  interference  of  thermal 
expansion  with  the  conditions  of  strain  cannot  be  the  primary 
cause  of  its  variations;  that  strain  variations  essentially  depend 
on  diminished  viscosity. 

We  also  add  in  passing  that  the  importance  of  strain  as  asso- 
ciated with  glass-hardness  is  emphasized  by  the  mass-constants 
of  the  cast-irons.  The  densities  of  these  metals;]:  range  between 
the  maximum  of  ca.  7*6  for  white  cast  iron  and  the  minimum  of 
ca.  6*9  for  gray  cast  iron.  Hence  density  increases  in  marked 
degree  in  proportion  as  total  carbon  is  more  and  more  nearly 
combined.  Quite  the  reverse  of  this  is  true  for  steel  where 
density  decidedly  decreases  as  total  carbon  is  more  and  more 
nearly  combined.  This  discrepancy  we  interpreted  as  a  strain 
of  dilitation  and  carefully  compared  it  with  the  analogous  be- 
hnvior  of  glass  in  our  earlier  papers 

*  This  Journal,  xxxi,  p.  451,  1886.  f  ^^'  1^.  P-  ^9- 

X  CI  Bloxham'B  Chemistry,  p.  342,  Lea,  PhQad.,  1873.     BulL  14,  pp.  76,  77. 
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We  add  finally  the  following  data  from  the  elastics  of  glass 
and  of  steel.  The  seolotropic  expansion  produced  by  quench- 
ing glaFs  or  steel  we  showed  elsewhere*  to  amount  to  0*005. 
The  volume  resilience  of  glass  and  of  steel,  according  to  Pro- 
fessor Everett's  measurements,!  is  4x10"  and  2x10"  respec- 
tively. Hence  if  per  square  centimeter  p  be  the  stress-value 
for  the  given  expansion,  we  find  aproximately  J9=10xl0* 
dynes  for  steel  and  2x10*  dynes  for  glass.  Now  per  square 
centimeter  the  tenacity  of  steel  is  8x10' dynes;  the  tenacity 
of  glass  0'6xl0'  dynea  The  approximate  ratio  of  stress  to 
tenacity  is  therefore  estimated  at  1*3  for  steel  and  3*3  for  glass. 
This  shows  that  in  both  cases  stress  and  tenacity  are  of  the 
same  order;  that  stress  is  in  excess ;  that  but  for  the  peculiarly 
favorable,  symmetrically  arched  structure  of  the  quenched 
globule,  rupture  would  ensue  in  glass  certainly ;  probably  also 
in  steel.  This  accords  with  the  explosive  tendency  of  a  P.  R 
drop  and  with  the  less  pronounced  liability  of  steel  to  crack 
on  quenching.:|:  If  therefore  quenched  glass  and  quenched  steel 
are  under  mean  stress  intensities  of  several  thousand  atmos- 
pheres, then  in  discussing  the  corresponding  viscous  properties 
they  must  be  brought  into  relation  with  these  high  values  *of 
peculiar  stress. 

Magyietic  relations. — 1.  If  again  we  abstract  from  the  extreme 
states  of  hardness,  we  find  that  both  the  viscosity  and  the 
moment  of  linear  magnetization  per  unit  of  mass,  of  a  perma- 
nently saturated  steel  rod,  increase  in  marked  degree  from 
hard  to  soft  This  is  a  singularly  striking  result,  inasmuch  as 
the  conditions  of  magnetic  stability  (following  Hopkinson  we 
shall  call  them  coercive  force),  conditions  which  at  first  sight 
we  would  be  inclined  to  associate  with  viscosity,  decrease  as 
viscosity  increases.  Hence  permanently  saturated  linear  mag- 
netic intensity  and  viscosity  on  the  one  hand,  magnetic  stability 
or  coercive  force  and  hardness  on  the  other,  seem  to  belong 
together. 

2.  The  minimum  of  permanent  linear  intensity  of  saturated 
steel  rods  has  no  viscous  equivalent;  but  we  have  not  yet 
studied  the  viscosity  of  extremes  of  hard  steel  minutely,  nor 
have  we  as  yet  sufficiently  sharp  data  for  the  magnetization  of 
very  long  rods  (length/diameter>100)  in  its  relation  to  temper. 
In  the  extreme  soft  region,  on  the  other  hand,  the  occurrence 

♦This  Journal,  xxxii,  pp.  190,  191,  1866.  By  teolotropic  expansion  we  refer 
to  the  part  of  the  total  expansion  which  produces  explosiveness  and  the  polari- 
Bcopic  phenomenon. 

f  Eyerett:  Phil. 'Trans,  p.  369,  1866.  The  above  numbers  are  rounded  from 
Everett's  values. 

X  Mr.  J.  M.  Batchelder  has  just  communicated  to  us  his  interesting  results 
(Journal  Franklin  Inst.,  (3)  viii,  p.  133,  1844),  in  which  of  twelve  massive  pieces 
of  quenched  steel,  eight  subsequently  cracked  and  one  actually  exploded. 

Am.  Joxtb.  Sol— Thhu)  Sbeibs,  Vol.  XXXIII,  No.  193.— January,  1887. 
3 


Digitized  by 


Google 


84  BaruH  wad  StrouJial —  Viscosity  of  Uted. 

of  a  unique  maximum  of  magnetization  seems  certainly  to  be 
coincident  with  the  occurrence  of  maximum  viscosity.  The 
magnetic  maximum  so  far  as  our  results  go  is  apparently  much 
more  clearly  pronounced  than  the  viscous  maximum.  We 
remark  in  general  that  as  the  ratio  of  length  to  diameter 
increases,  the  minimum  of  permanent  magnetization  shows  a 
tendency  to  move  from  soft  to  hard.  Furthermore,  it  is  proved 
that  the  permanent  magnetization  of  soft  rods  is  greater  in  pro- 
portion as  they  are  more  and  more  nearly  linear.*  Hence  as 
our  march  approaches  the  linear  limit  we  observe  an  unmis- 
takable tendency  toward  more  detailed  similarity  betw^n  the 
variations  of  the  magnetic  and  the  viscous  properties  of  steel. 

Mr.  Hopkinsonf  in  his  memoir  on  the  magnetization  of  iron 
introduces  a  definition  of  coercive  force,  defining  it  as  "  that 
reversed  magnetic  force  which  just  suffices  to  reduce  the 
induction  to  nothing  after. the  material  has  been  subjected 
temporarily  to  very  great  magnetizing  force."  There  is  a  slight 
objection  to  this  definition,  inasmuch  as  it  introduces  a  some- 
what vaguely  complex  state  of  zero-magnetization.:|:  But  the 
feature  in  question  is  as  hard  to  improve  as  the  definition  is 
valuable.  Mr.  Hopkinson's  extensive  experiments  show  that 
coercive  force  is  invariably  increased  by  hardness.  Together 
with  others  we  have  proved  that  hard  steel  is  alike  well 
adapted  to  withstand  the  influence  of  percussion. 

3.  These  general  relations  between  viscosity  and  maximum 
permanent  linear  intensity  observed  for  steel  are  sustained  by 
iron.  According  to  data  contained  in  a  paper  of  the  lamented 
Dr.  L.  M.  Cheesman§  the  permanent  magnetization  of  drawn 
iron  exceeds  that  of  soft  iron.  The  magnetic  intensity  of  per- 
manently saturated  drawn  iron  is  comparable  with  that  of  soft 
steel  anH  quite  equal,  to  that  of  hard  steel.  More  recently 
and  even  more  elaborately  Ewing  has  discussed  the  subject. 
He  finds  "in  the  absence  of  mechanical  or  other  disturbance, 
soft  iron  is  far  more  retentive  than  either  hard  iron  or  steel," 
an  exceedingly  remarkable  resultH  Our  experiments  show 
that  the  intensity  of  applied  stress  is  an  important  factor  in 
determining  the  viscous  behavior  of  iron;  that  for  moderate 

*  Bull  14,  pp.  240  to  143. 

JHopkinson:  Phil.  Trans.,  ii,  463,  1885. 
The  unmagnetic  slate,  though  dependent  on  the  details  of  the  process,  of  tem- 
pering, is  a  distinct  magnetic  state.  Similarly  we  may  regard  the  saturated  mag- 
netic state,  though  allowance  must  here  be  made  for  the  occurrence  of  cyclic 
magnetization,  a  phenomenon  suggested  by  Fromme  (Wied.  Ann.,  iv,  p.  89,  1878) 
and  (Wied.  Ann.,  xiv,  p.  308,  1881),  concisely  interpreted  by  Warburg  (Wied. 
Ann.,  xiii,  p.  141,  1881)  and  which  Ewing  (Phil.  Trans.,  ii,  p.  546,  1885)  has  re- 
cently discussed  generically  under  the  name  of  *'  hysteresis." 

§  Cheesman:  This  Journal,  xiiv,  p.  183,  1882.  Lengths  100  diameters  and 
less. 

I  Ewing:  L  c.,  p.  541. 
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stress  values  it  ultimately  approaches  very  closely  to  or  even . 
exceeds  the  maximum    viscosity  of   steel;   that  it  is  much 
greater  than  the  viscosity  of  hard  steel. 

4.  With  these  accordances  before  us,  we  may  venture  a  final 
suggestion.  The  viscosity  of  iron  increases  with  great  rapidity 
with  the  amount  of  deformation.  For  a  certain  interval  of 
(low)  values  of  applied  torsional  stress  it  even  exceeds  the 
maximum  viscosity  of  steel.  Hence  if  there  be  an  inherent 
bearing  of  viscosity  on  retentiveness,  there  is  given  us  in  iron 
a  condition  of  magnetic  instability :  if  relatively  to  the  (decreas- 
ing) amount  of  deformation  or  of  magnetization  viscosity  de- 
creases rapidly,  then  a  mere  shock  may  at  once  deprive  the 
magnet  of  the  whole  of  its  induction.  The  retarded  curvature 
of  the  steel  curves  (tables  1  to  26)  does  not  invalidate  this 
inference,  since  retardation  is  here  an  expression  of  the  fact 
that  the  absolute  amount  of  change  of  form  for  each  rod  de- 
creases as  time  increases. 

We  do  not  wish  to  push  these  inquiries  into  further  detail  at 
present  because  we  have  experiments  with  iron  now  in  pro- 
gress. Nevertheless  we  invite  the  reader  to  peruse  for  compar- 
ison Mr.  Swing's  magnetic  results  as  summarized  by  him,  1.  c., 
pp-  562,  563. 

Chnclusion. — Among  the  chief  results  of  this  paper  is  the 
light  thrown  on  the  crucial  importance  of  the  physical  changes 
which  steel  undergoes  during  annealing  at  high  temperatures, 
i.  e.  when  subjected  to  the  action  of  temperatures  between  500° 
and  1000°.  It  is  within  this  interval  that  a  variety  of  nearly 
coincident  phenomena  occur:  Gore^s*  sudden  volume  expan- 
sion;  Tait'sf  sinuously  broken  thermoelectric  diagram -line; 
we  infer  an  irregular  oehavior  of  electrical  resistance;  Gore- 
Baur*s:|:  sudden  disappearance  of  magnetic  quality ;  the  passage 
of  carbon  from  un6ombined  to  combined;  Jean*8§  critical  ce- 
mentation temperature.  Furthermore,  Chernoff-Barus'H  sudden 
appearance  of  hardness  in  quenched  steel,  Fromme's^  maxi- 
mum density,  Chwolson's**  minimum  resistance,  our  own  unique 
maximum  of  magnetizationff  and  probable  maximum  of  vis- 
cosity, are  all  referred  to  this  interval,  approximately  to  the 

*  Gore:  Proc.  Roy.  Soc.,  xvii,  p.  260,  1869. 

f  Tait:  Trana.  Roy.  Soc.,  Edinburgh,  xivii,  18*12-73,  p.  125.* 

}  Gore:  Phil.  Mag.,  IV.  xxiviii,  p.  59,  1869;  Baur.  Wied.  Ann.,  xi,  p.  408, 
1880;  Ibid.,  xl,  p.  170,  1870. 

§  Jeans:  "Steel  its  history,  etc."    London,  Spon,  1880. 

I  Ghemoff:  Vortrag.  geb.  in  der  Russ.  techn.  Ges.,  April  and  Mai,  1878. 
Bams:  Wied.  Ann.,  vii,  p.  405,  1879. 

^  Fromme:  Wied.  Ann.,  viii,  p.  364,  1879.  We  were  unable  to  find  Fromme*B 
maximum :  but  we  shall  search  again.  All  these  results  are  crucially  dependent 
on  the  method  of  annealing,  as  stated  in  the  text 

♦*  Chwolson:  CarVs  Rep.,  xiv,  p.  26,  1878. 

ft  Barus  and  Strouhal:  U.  S.  Geol.  Survey,  Bull.  14,  pp.  146,  198. 
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same  temperature.  To  determine  the  interdependence  of  these 
important  phenomena  it  is  obviously  first  necessary  to  devise 
methods  of  operating  on  steel  adapted  to  the  interval  in  ques- 
tion. In  other  words,  our  introductory  problem  is  the  anneal- 
ing of  steel  without  oxidation  and  without  carburation,  at 
measured  (high)  temperatures,  during  stated  times.  It  is  in 
this  direction  that  we  propose  to  have  our  investigation  proceed. 
Washington-Prague,  September,  1886. 


Art.  IV. — The  nature  and  origin  of  LithophyscB  and  the  lamin- 
ation of  add  lavas  ;^  by  Joseph  P.  Iddings. 

The  Yellowstone  National  Park  with  its  thousands  of  square 
miles  of  rhyolitic  lavas,  presents  a  splendid  field  for  the  study 
of  the  various  forms  of  structure  and  crystallization  assumed 
by  acid  lavas  in  cooling.  And  it  is  the  investigation  of  these 
phenomena,  observed  while  prosecuting  the  work  of  the  U.  S. 
Geological  Survey  within  this  region  in  charge  of  Mr.  Arnold 
Hague,  that  has  furnished  the  writer  with  the  data  upon  which 
the  conclusions  here  stated  are  based. 

Amonff  the  many  phases  of  crystallization  so  richly  devel- 
oped in  the  rhyolitic  obsidian  forming  Obsidian  Cliff,  the  most 
characteristic  is  the  spherulitic,  producing  spherulites  from 
microscopic  dimensions  to  several  inches  in  diameter.  They  are 
crystalline  bodies  with  a  radially  fibrous  structure,  which  is 
often  accompanied  by  a  banding  in  concentric  layers  of  differ- 
ent color  and  density.  In  thin  section  under  the  microscope 
they  are  seen  to  be  composed  of  sectors  of  fibers,  which  between 
crossed  nicols  do  not  extinguish  the  light  parallel  to  the  length 
of  the  fibers  which  would  produce  a  distinct  shadow-cross,  but 
at  different  angles,  making  many  rays  of  shadow,  which  in  the 
smallest  spherulites  frequently  appn)ach  the  form  of  a  cross. 
These  spherulites  have  been  traced  through  gradations  of 
microstructure  to  groups  of  granophyre  feldspars  of  extreme 
minuteness,  which  appear  to  be  composed  of  intergrown  quartz 
and  acid  feldspar,  and  enclose  trichites  and  microlites  which 
also  occur  in  the  spherulites,  so  that  the  mineral  composition  of 
the  spherulites  is  most  probably  quartz,  acid  feldspar  and  trich- 
ites of  magnetite  with  augitic  microlites.  Chemical  analyses 
of  the  spherulites  and  the  obsidian  in  which  they  occur  show 
that  the  two  are  identical,  and  that  a  spherulite  is  only  a  par- 
ticular form  of  crystallization  of  the  once  molten  glasa  The 
largest  spherulites  have  an  earthy  texture  and  in  thin  section 

*  Extract  from  article  to  appear  in  the  SeTepth  Annual  Report  of  the  Director 
of  the  U.  S.  Geological  Survey ;  published  by  permissioD  of  the  Director. 
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are  seen  to  be  made  up  of  jointed  fibers  composed  of  micro- 
scopic feldspar  crystals ;  between  these  fibers  are  scales  of  tridy- 
mite  with  scattered  grains  of  magnetite  and  microlites,  besides 
innumerable  gas  cavities.  Frequently  the  tridymite  is  aggre- 
gated into  pellets  which  enclose  several  feldspar  fibers,  leaving 
quite  porous  spaces  between.  The  centers  of  these  larger 
spherulites  often  have  the  same  structure  as  the  smaller  sphe- 
rulites,  and  the  fibers  of  one  appear  to  be  continued  into  the 
other,  but  to  have  formed  under  somewhat  diflFerent  conditions, 
since  the  cementing  mineral  is  quartz  in  one  case  and  tridymite 
in  the  other. 

In  the  porous  portions  of  the  large  spherulites^  intergrown 
with  the  feldspar  fibers  and  appearing  to  be  of  later  crystalliza- 
tion is  an  occasional  individual  of  yellow  iron-olivine  or  fayalite. 
So  that  the  association  of  minerals  here  developed,  tridymite, 
acid  feldspar  and  fayalite,  is  quite  an  uncommon  one  for  an 
igneous  rock.  ^ 

The  spherulites  are  frequently  so  porous  as  to  be  hollow  in 
places.  Sometimes  a  large  cavity  is  situated  in  one  side  of  a 
radially  fibrous  spherulite.  In  ihis  case  the  fibers  project  into 
the  cavity  and  are  distinctly  visible  without  the  aid  of  a  magni- 
fying lens,  the  pellets  of  tridymite  being  also  recognizable. 
The  cavity  may  be  near  the  circumference  of  the  spherulite 
and  adjoirnng  the  enclosing  matrix,  or  lie  nearer  the  center 
leaving  a  dense  periphery  or  crust  like  the  rind  of  a  melon. 
This  is  the  more  usual  form.  Very  often  the  central  portion 
appears  to  have  shrunken  and  cracked  apart,  the  surface  mark- 
ings on  the  opposite  sides  of  the  gaping  cracks  corresponding, 
exactly,  and  showing  that  the  walls  had  once  been  united  in  a 
continuous  mass.  Another  variety  has  the  cavities  in  concen- 
tric layers,  with  delicate  partition  walls  between  them  forming 
thin  concentric  shells.  When  these  have  been  developed  in  a 
lava  to  which  there  is  a  laminated  structure,  marked  by  layers 
of  microlites  and  other  forms  of  crystallization,  the  concentric 
shells  of  the  hollow  spherulites  are  traversed  by  thin  layers  of 
crystals  in  continuance  of  the  lamination  in  the  matrix. 

The  large  hollow  spherulites  are  generally  hemispherical,  and 
the  concentric  shells  and  cavities  produce  very  beautiful  struc- 
tures, which  when  broken  across  present  roselike  centers  sur- 
rounded by  delicate  encircling  rings.  These  forms  are  espe- 
cially characteristic  of  the  lithoidal  portion  of  the  obsidian  flow 
at  Obsidian  Cliff  and  are  the  typical  structures  which  have  been 
called  lithophysce  by  von  Richthofen*  because  they  appear  to 
have  been  inflated  by  expanding  gas,  the  word  being  derived 

*  "  Studien  aus  den  uncfarlsch-siebeDbargischen  Trachytgebirgen."  Jahrb.  d. 
k.  k.  geoL  Reichsanst.,  1860,  p.  180.  Also,  The  Natural  System  of  Volcanic 
Rocks,  San  Francisco,  1868,  p.  14. 
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from  hdo^,  a  stone,  and  (poaa^  a  bubble.  The  term  applies 
equally  well  to  all  the  concentrically  chambered  varieties,  and 
may  be  extended  to  all  forms  of  hollow  spherulites. 

The  substance  of  the  lithophysse  occurring  at  Obsidian  CliflE 
is  usually  light  colored  and  distinctly  crystalline  with,  a  beauti- 
ful frosted  appearance.  It  is  made  up  of  minute  crystals  in 
well  developed  forms,  which  in  places  attain  a  considerable 
size,  from  1  to  2°^.  The  minerals  recognized  are :  quartz  and 
tridymite,  feldspar,  fayalite  and  magnetite.  The  feldspar  in 
some  cases  has  the  crystal  habit  of  adular,  and  in  others  is  in 
thin  tabular  crystals  with  the  simplest  combination  of  faces, 
flattened  parallel  to  the  base.  They  appear  to  hold  an  anoma- 
lous mineralogical  position,  being  soda-orthoclase  in  coinposition 
(Al,  Or,)  and  having  the  crystallographic  habit  of  sanidin  but 
an  asymmetric  optical  character.  The  fayalite  was  described 
in  this  Journal  for  July,  1885.  It  appears  to  be  identical  in 
crystal  form-*with  the  mineral  occurring  in  the  lithophysae  of 
the  obsidian  of  Cerro  de  las  Navajas  which  was  measured  by 
Gustav  Rose,*  and  determined  to  be  olivine  in  1827.  The  an- 
gles and  habit  of  the  crystals  figured  by  him  are  almost  identi- 
cal with  those  obtained  by  Mr.  S.  L.  Penfield  from  the  fayalite  at 
Obsidian  Cliff,  and  it  is  highly  probable  that  the  mineral  deter- 
mined by  Rose  is  also  an  iron  olivine  or  fayalite.  The  mag- 
netite occurs  as  microscopic  grains  and  crystals. 

Since  the  first  application  of  the  term  lithophysas  to  these 
hollow,  chambered  structures,  and  the  expression  of  von  Richt- 
hofen's  views  as  to  their  probable  mode  of  formation,  petro- 
^raphers  have  discussed  their  origin,  wandering  more  or  less 
from  the  position  first  held  by  von  Richthofen,  and  it  is  with 
the  belief  that  the  material  on  which  these  recent  observations 
have  been  made  furnishes  better  ground  on  which  to  build  a 
theory  of  the  origin  of  lithophysae  than  any  heretofore  studied, 
that  the  writer  has  endeavored  to  throw  some  light  upon  so  ob- 
scure a  subject. 

It  was  von  Richthofen'sf  opinion,  expressed  in  the  year  1860, 
that  the  concentric  shells  were  produced  while  the  rock  was  in 
a  molten  or  plastic  condition,  by  the  expansion  of  gas  bubbles 
which  were  successively  disengaged  from  certain  portions  with- 
in the  mass,  in  consequence  of  the  diminution  of  pressure 
accompanying  the  eruption  of  the  lava.  The  gases  which 
were  in  large  part  aqueous,  having  most  likely  been  absorbed, 
thereby  forming  a  hydrated  glass.  He  considered  lithophysas 
as  quite  distinct  from  spherulites,  and  suggested  that  only  care- 
ful chemical  analyses  would  settle  their  true  nature. 

*  "  Ueber  den  sogenannten  krystallisirten  Obsidian."    Pogg.  Aon.,  1827,  Band 
10,  pp.  323-326. 
t  Loc.  cit. 
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Six  years  later  Dr.  Joseph  Szab6*  expressed  the  opinion  that 
lithophjsaB  were  only  a  stage  in  the  mechanical  and  chemical 
alteration  of  spherulites,  the  bases  being  removed  by  chemical 
means,  the  insoluble  particles  mechanically,  and  silica  being 
concentrated  in  the  cavity. 

In  the  same  year  Karl  von  Hauerf  published  the  analvses 
of  four  rhyolites  and  the  lithophyssD  contained  ^n  them,  wnich 
showed  that  the  chemical  composition  of  the  lithophysse  and 
rhyolites  were  the  same.  He  therefore  held  to  von  Richthofen's 
view  that  the  cavities  were  the  result  of  expanding  gases,  but 
thought  that  these  gases  had  no  metamorphosing  action  on  the 
groundmass  of  the  rock.  Later  on  Justus  Roih:|:  adopted 
Szab6's  views  and  recently  repeated  them  in  the  second  volume 
of  his  Algemeine  und  Chemische  Geologic. 

Dr.  Ferdinand  Zirkel§  in  1876  described  certain  spherulites  in 
the  rocks  from  Shoshone  Mesa,  Idaho,  which  "  have  developed 
by  decomposition  a  hollow  cdncentric  layer  structure."  These 
he  considered  the  same  as  the  lithophysse  of  von  Eichthofen 
and  that  they  in  like  nianner  were  only  the  result  of  chemical 
alteration. 

Dr.  Ch.  E.  Weiss|  in  1877  suggested  that  the  cavities  of  hol- 
low spherulites  play  the  same  r61e  as  a  solid  body  around  which 
a  spherulite  forms,  that  the  chambered  spherulites  were 
caused  by  several  gas  bubbles  being  near  together  when  the 
spherulites  were  developed. 

Mr.Grenville  A.  J.  Cole,^!"  in  a  .paper  recently  published,  con- 
cluded that  the  hollows  are  due  to  the  decomposition  of  solid 
spherulites  by  chemical  agents,  the  material  having  been  car- 
ried out  through  cracks  in  the  rocks. 

Mr.  C.  A.  Tenne,**  in  describing  the  lithophysse  in  the  ob- 
sidian of  Oerro  de  las  Navajas,  Mexico,  says  t&at  the  substance 
of  the  lithophysse  must  be  devitrified  obsidian,  and  gives  chem- 
ical analyses  which  show  that  both  have  the  same  chemical 
composition. 

Mr.  Whitman  Cross,f  f  in  a  paper  "On  the  Occurrence  of  Topaz 
and  GaVnet  in  Lithophysae  of  Rhyolite  "  points  out  the  fact  that 
these  minerals  are  not  of  secondary  formation  in  the  cavities, 
but  primary,  "produced  by  sublimation  or  crystallization  from 

♦  '*  Die  Trachyte  und  Rhyolite  der  Umgebung  Ton  Tokaj."  Jahrb.  d.  k.  k. 
geol.  R.-anst.,  1886,  p.  89. 

t"Die  G«8teine  mit  Lithophysenbildimgen  von  Telki-Banya  in  Ungarn." 
Verhandl.  d.  k.  k.  geol.,  R.-anst,  1886,  p.  98. 

}  "  Beitrage  zur  Petrographie  der  plutonischen  Geateine,  1869,  p.  168. 

i  *•  Microscopical  Petrography,"  Washington,  1876,  p.  212. 

("Quarz  porphyron  aus  Thuringen,"  Zeitschr.  Deutsch.  geol.  Gesellsch.,  1817, 
nix:,  p.  418. 

T  "  On  Hollow  Spherulites,"  etc.    Quart  Journ.  Geol.  Soc.,  May,  1885. 

*•  Zeitschr.  Deutsch.  geol.  Gesellsch.,  1885,  p.  610. 

ft  This  Journal,  June,  1886. 
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presumably  heated  solutions,  contemporaneous  or  nearly  so 
with  the  final  consolidation  of  the  roclc.  The  lithophysal  cav- 
ities seem  plainly  caused  by  the  expansive  tendency  of  con- 
fined gases  or  vapors,  while  the  shrinkage  cracks  in  the  walls 
and  white  masses  of  the  Nathrop  rock  suggest  the  former 
presence  of  moisture." 

It  is  seen  from  the  foregoing  that  two  distinct  views  of  the 
origin  of  the  cavities  within  the  lithophysse  have  been  taken  ; 
one,  that  the  hollows  were  of  primary  origin,  formed  while  the 
lava  was  still  plastic,  and  were  due  to  enclosed  gases  or  vapors. 
Among  those  who  held  this  opinion  some  considered  the  lith- 
ophysae  .as  wholly  distinct  from  spherulites,  while  others 
thought  them  simply  hollow  varieties.  The  second  view  was 
that  the  hollows  had  been  produced  in  solid  spherulites  by 
chemical  decomposition  and  alteration  and  were  subsequent  to 
the  solidification  of  the  lavas  in  which  they  are  found.  With 
the  latter  view,  which  may  apply  to  some  hollow  spherulites  in 
particular  cases  of  decomposed  rocks,  the  lithophysse  in  the 
obsidian  from  the  Yellowstone  National  Park  have  nothing  to 
do.  The  extreme  freshness  of  the  whole  rock  and  the  absence 
of  secondary  alteration  prevents 'the  confusion  which  arises 
when  these  hollow  forms  are  associated  with  decomposition  pro- 
ducts or  subsequent  metamorphism,  as  is  the  case  with  many 
ancient  lavas,  or  even  with  recent  ones  which  have  been  attacked 
by  solfataric  or  hot  spring  agencies. 

What,  then,  from  a  study  of  this  exceptionally  fresh  and 
beautiful  material,  seems  to  be  the  most  probable  origin  of 
lithophysse,  and  how  nearly  the  writer's  views  accord  with 
those  of  von  Richthofen  will  appear  from  the  following  con- 
siderations. 

The  association  of  fayalite,  an  iron-olivine,  with  abundant 
quartz  and  tridymite,  and  acid  feldspar  in  a  highly  siliceous, 
igneous  rock,  containing  less  than  two  per  cent  of  iron  oxide, 
is  quite  contrary  to  ordinary  experience  and  is  not  in  accord 
with  the  generally  accepted  laws  which  appear  to  govern  the 
crystallization  of  igneous  magmas.  Moreover,  two  of  the  ac- 
companying minerals,  prismatic  quartz*  and  acid  feldspar,  have 
not  been  reproduced  artificially  by  simple  igneous  fusion,  as 
has  been  demonstrated  by  the  repeated  experiments  of  MM. 
Fouqu^  and  Michel-L^vy,*  who,  though  successful  in  obtaining 
most  of  the  minerals  found  in  igneous  rocks,  have  failed  to  repro- 
duce by  dry  fusion  quartz,  orthoclase  and  albite  in  forms  sim- 
ilar to  those  in  which  they  are  found  in  acid  eruptive  rocks. 

On  the  other  hand  quartz,  tridymite,  orthoclase  and  albite 
have  all  been  obtained  artificially  by  aqueo-igneous  processes, 
on  heating  their  chemical  elements  in  the  presence  of  water  in 

*  "  Synthase  dea  Mineraux  et  des  Roches,"  Paris,  1882. 
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sealed  tubes.  The  experiments  of  MM.  Friedel  and  Sarasin,* 
upon  the  reproduction  of  orthoclase  and  albite  are  espe<3ially 
applicable  to  the  case  of  liihophysae.  Among  the  forms  of 
orthoclase  produced  was  that  of  adular,  also  observed  in  the 
hollow  spherulites.  Along  with  orthoclase  thev  obtained  quartz 
and  at  higher  temperatures  tridymite.  Otner  experiments^ 
especially  those  of  K.  von  CrustschofT,f  have  established  the 
same  relation  between  quartz  and  tridymite  when  formed  in 
closed  tubes.  Tridymite  being  produced  at  a  higher  tempera- 
ture than  Quartz,  and  frequently  both  occurring  together  within 
the  same  closed  tube. 

Magnesia  olivine  and  magnetite  have  each  been  reproduced 
by  aqueo-igneous  methods,  and  fayalite  is  a  common  product  of 
puddling  furnaces.  So  that  the  group  of  minerals  composing 
the  lithophysae  in  this  obsidian  are  such  as  may  be  formed 
through  aqueo-igneous  processes. 

The  well-known  experiments  of  Daubr^,:|:  on  the  effect  of 
superheated  steam  on  a  glass  tube,  have  a  special  bearing  on  the 

Question  under  consideration.  The  glass  used  by  Daubr^e 
iffered  in  chemical  composition  from  that  of  the  obsidian, 
but  the  general  nature  of  the  results  bears  a  striking  sim- 
ilarity to  many  characteristic  features  of  lithophysae.  The 
anhydrous  glass  was  partly  converted  into  a  hyarouj  silicate, 
accompanied  by  considerable  increase  of  volume ;  part  was 
reduced  to  a  white  mass  distinctly  fibrous  with  a  delicate  band- 
ing parallel  to  the  surface  of  the  glass  tube  and  across  the 
direction  of  the  fibres.  The  surface  of  the  tube  was  in  places 
warped,  blistered  and  excoriated,  and  often  full  of  cracks. 
There  was,  also,  a  delicate  foliation  parallel  to  the  surface  of 
the  tube.  Under  the  microscope  the  altered  glass  contained 
minute  spherulites,  microlites,  and  small  crystals  of  pyroxene 
(diopside),  and  larger  spherulites,  probably  chalcedony.  The 
surface  of  the  glass  was  covered   with   prismatic   crystals  of 

auartz.     The  transformation  was  wholly  produced  by  the  in- 
uence  of  superheated  steam. 

In  the  case  of  the  obsidian  from  Obsidian  Cliff,  chemical 
analyses  show  a  loss  upon  ignition  of  0*66  per  cent.  That  this 
loss  is  mostly  due  to  water  seems  probable  from  the  researches 
of  MM.  Boussingault  and  Damour,  and  others,  whose  very  care- 
ful tests  have  shown  the  presence  of  water  and  a  little  chlorine 
in  a  number  of  obsidians.  That,  this  amount  of  volatile  matter 
is  sufficient  to  convert  the  dense  obsidian  into  pumice  like  that 
on  the  surface  of  this  lava  flow,  is  shown   by  melting  a  frag- 

♦BulL  Soc.  Min.,  1879,  ii,  p.  158,  and  1880,  iii,  p.  171 ;  also  Compte's  Rendus, 
1881,  xciii,  p.  1374,  and  1883,  xcvii,  p.  290,  294. 

f  Amer.  Chem.,  1883.     Also  TsclieriQ.  miner,  u.  petrogr.  Mitth.  iv,  p.  536. 
X  Btudes  Synthetiques  de  Geologie  Experimentale,  1879,  p.  154  to  179. 
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ment  of  the  obsidian  in  the  flame  of  an  oxyhydrogen  blowpipe, 
when  it  becomes  a  greatly  inflated  white  glass  filled  with  gas 
bubbles  which  arise  from  the  expansion  of  the  liberated  vapors. 
This  shows  that  the  gases  which  escaped  at  the  surface  with 
the  formation  of  pumice  were  imprisoned  in  the  dense  obsidian 
which  solidified  -lower  down  in  the  mass.  As  already  stated, 
the  larger  spherulites  are  filled  with  multitudes  of  gas  cavities 
recognizable  under  the  microscope. 

These  vapors  were,  undoubtedly,  absorbed  by  the  molten 
lava  before  its  eruption,  and  were  the  only  gases  which  may  have 
taken  part  in  the  production  of  lithophysae,  for  chemical  analy- 
ses of  the  obsidian,  spherulites  and  lithophysse  show  that  they 
have  essentially  the  same  chemical  composition.  The  analyses 
of  spherulites  and  lithophysae  which  occurred  isolated  in  dense, 
unfractured  obsidian  are  enough  alike  to  be  duplicates.  The 
composition  of  both  being  the  same,  the  transiormation  of  a 
spherulite  into  a  lithophysa,  can  only  be  a  modification  of  its 
structure  or  a  rearrangement  of  its  minerals  without  any  chem- 
ical addition  or  loss.  Moreover,  it  is  evident  that  such  a  trans- 
formation was  in  many  cases  effected  by  agencies  entirely 
within  the  area  of  the  lithophysae,  for  they  often  occur  isolated 
in  the  dense  obsidian  having  no  connection  with  other  cavities 
or  sources  of  vapor. 

The  change  took  place  before  the  surrounding  matrix  had 
solidified,  for  in  some  instances  the  lithophysae  have  been 
crushed,  probably  from  a  change  of  equilibrium  in  the  lava,  and 
the  plastic  matrix  has  been  forced  part  way  into  the  cavity  of 
the  lithophysa,  which  indicates  that  the  matrix  was  still  viscous 
and  at  a  high  temperature  when  the  modification  of  the  spheru- 
lite took  place.  And  finallv,  though  the  matrix  was  plastic  at 
the  time  of  the  formation  of  the  cavities  of  lithophysae  the  lib- 
eration of  gases  did  not  expand  or  distend  the  substance  so  as 
to  form  the  concentric  shells,  for  where  a  lamination  is  present 
in  the  matrix  it  is  also  seen  traversing  the  shells  of  a  lithophysa 
without  change  of  direction. 

From  the  foregoing  it  seems  reasonable  to  infer  that  these 
lithophysae,  composed  of  prismatic  quartz,  tridymite,  sbda- 
orthoclase,  fayalite  and  magnetite,  are  of  aqueo-igneoics  origin^  and 
have  been  produced  by  the  action  of  the  absorbed  gases  upon  the 
molton  glass  from  which  they  were  liberated  during  the  crystalliza- 
tion  consequent  upon  cooling. 

Instances  where  the  layers  of  thinly  laminated  rock  arch 
over  hollow  lithophysae  and  seem  to  have  been  pushed  back 
by  expanding  gases,  to  which  von  Richthofen  calls  attention, 
are  more  probably  slight  flexures  in  the  layers  of  the  rock 
which  have  occasioned  local  relief  of  pressure  and  the  disen- 
gagement of  vapors  which  might  give  rise  to  the  lithophysa. 
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than  the  resalt  of  the  expansion  of  such  vapors.  For  the  field 
study  of  the  rock  at  Obsidian  Cliff  shows  tnat  in  places  it  was 
so  stiff  and  viscous  before  coming  to  its  final  rest  that  some 
layers  which  were  pulled  apart  in  descending  the  underlying 
slope  never  closed  together  again.  .Hence  it  is  likely  that  local 
inequalities  of  pressure  might  be  brought  about  by  the  crump- 
ling of  so  viscous  a  lava. 

We  may  imagine  the  process  of  formation  of  a  lithophysa  to 
have  been  somewhat  as  follows:  In  the  still  plastic  glass  from 
a  center  of  crystallization  a  multitude  of  incipient  microlites 
of  feldspar  radiated  through  a  sphere  of  glass.  As  these  anliy- 
droiis  microlites  increased  in  size  the  nature  of  the  cementing 
paste  was  changed.  Being  impoverished  of  alumina  and  alka- 
lies,  it  became  more  siliceous  and  relatively  more  hydrated. 
A  point  was  reached  where  the  absorbed  vapors  could  no  longer 
be  retained  in  combination,  but  were  released  in  innumerable 
bubbles  which  were  either  uniformly  disseminated  through  the 
paste  or  aggregated  into  larger  babbles.  The  gas  thus  libera- 
ted acted  as  superheated  steam  and  eventually,  produced  the 
separation  and  crystallization  of  all  the  elements  of  the  original 
sphere  of  plastic  glass.  Before  the  final  crystallization  oi  the 
paste  when  the  hydrated  glass  gave  up  its  combined  vapors 
and  became  anhydrous,  it  shrank  in  consequence  of  the  reduc- 
tion of  volume  and  produced  in  some  cases  the  cracks  so  fre- 
quently observed.  That  these  cracks  were  formed  before  the 
final  crystallization  of  the  cementing  paste  is  shown  by  the 
deposition  on  their  walls  of  crystals  of  quartz,  tridymite  and 
fayalite.  The  conditions  which  produce  a  concentrically  banded 
structure  in  some  solid  spherulites  are  most  likely  the  same  as 
those  which  lead  to  the  formation  of  concentric  shells  in  many 
lithophysdd.  It  is  evident  that  the  development  of  lithophysae 
in  a  lava  will  depend  upon  a  number  of  conditions  both  chem- 
ical and  physical,  the  discussion  of  which  is  omitted  from  this 
paper. 

LaminaUd  structure, — The  lithoidal  portion  of  the  obsidian 
flow  which  forms  Obsidian  Cliff  is  beautifully  laminated  in 
thin  layers  of  light  and  dark  shades  of  a  purplish  gray  color, 
which  differ  in  their  relative  denspness  and  degrees  of  crystalli- 
zation. The  more  crystalline  layers  are  full  of  minute  cavities 
and  thus  become  planes  of  weakness  in  the  rock,  which  splits 
inio  thin  plates,  often  not  more  than  y^  of  an  inch  thick.  So 
that  the  lithoidal  rock  is  traversed  by  a  multitude  of  nearly 
horizontal  cracks  which  follow  the  planes  of  flow  through  all 
their  contortions.  It  is  this  inherent  lamination  or  layer  struc- 
ture, so  commonly  observed  in  the  more  acid  lavas  and  espe- 
cially the  rhyolites  of  the  Yellowstone  National  Park,  which 
was  alluded  to  in  the  paper  on  columnar  structure  published  in 
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this  Journal  in  May,  1886  (page  825.)  It  was  there  considered 
to  be  of  different  origin  from,  the  tabular  parting  produced  by 
rapid  cooling  near  the  surface  of  a  body  oi  molten  rock. 

The  origin  of  the  more  general  lamination  which  in  one  form 
or  another  usually  extends  throughout  the  whole  mass  of  many 
lava  flows  will  be  readily  understood  from  the  following : 

In  a  fluid  free  to  flow  over  a  horizontal  surface  the  movement 
of  its  molecules  will  meet  with  least  resistance  in  directions 
parallel  to  the  plane  of  that  surface,  the  fluid  will  therefore 
spread  horizontally,  and  its  molecules  will  move  in  planes 
parallel  to  the  underlying  surface.  Particles  suspended  in  the 
fluid  will  be  carried  along  these  planes,  and  portions  of  the 
fluid  which*  contain  different  amounts  or  different  kinds  of  sus- 

S ended  matter  will  be  spread  out  in  layers  along  these  planes  of 
ow. 

In  volcanic  lavas  the  production  of  such  layers  will  depend 
on  the  lack  of  homogeneity  and  viscosity  of  the  magma,  and 
the  distance  over  which  the  lava  flows.  The  more  basic  lavas 
are  usually  more  liquid  and  consequently  more  homogeneous 
at  the  time  of  eruption,  and  bhow  little  if  any  signs  of  layer- 
structure  in  the  solidified  rock.  But  acid  lavas  such  as  rhyolite 
appear  to  be  more  viscous  and  less  homogeneous  when  erupted, 
and  slight  variations  in  the  consistency  or  composition  of  the 
mass  show  themselves  as  bands  and  streaks  of  colors  or  as  lay- 
ers of  differing  miciostruciure  and  degree  of  crystallization. 
These  layers  of  different  consistency  were  probably  lenticular 
or  quite  irregularly  shaped  portions  of  the  magma  near  the 
place  of  its  eruption,  and  are  more  perfectly  and  thinly  lamina- 
ted the  farther  from  the  source. 

The  nature  and  cause  of  such  local  differences  in  the  magma 
is  suggested  by  a  consideration  of  the  structure  of  the  various 
layers  of  the  rock  forming  Obsidian  Cliff.  The  lithoidal  rock 
presents  layers  which  differ  in  their  degree  of  crystallization, 
some  being  wholly  uncrystallized  and  glassy.  Some  are  finely 
spherulitic,  others  coarsely  so  and  porous;  and  others  are  quite 
granular  and  full  of  cavities.  In  the  obsidian  the  differences 
find  expression  in  layers  of  spherulites,  and  bands  of  litho- 
physse;  in  layers  more  or  less  rich  in  granophyre  feldspars, 
microspberulites,  raicrolites  and  trichites;  that  is,  in  the  dif- 
ferent phases  and  amount  of  crystallization  developed.  Nearer 
the  surface  of  the  obsidian  flow  there  is  less  crystallization, 
but  the  lamination  of  the  rock  is  quite  as  noticeable  in  the 
more  marked  differences  in  the  amount  of  microlites  in  the 
various  layers  and  in  the  abundance  of  gas  cavities  which  pro- 
duce alternating  bands  of  vesicular  and  dense  glass  and  pumice. 
While  at  the  surface  of  the  flow  the  whole  rock  is  openly  pu- 
miceous. 
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From  the  different  extent  to  which  the  various  layers  of  this 
glassy  rock  have  been  inflated  by  the  expansion  of  ^as  near 
the  surface  of  the  flow  it  is  evident  that  there  was  a  difiference 
in  the  amount  of  vapors  previously  absorbed  by  these  layers. 
And  from  the  part  which  superheated  water  has  undoubtedly 
played  in  the  development  of  lithophysse  and  the  larger,  po- 
rous spherulites,  and  irom  the  aqueo-igneous  conditions  deemed 
necessarvfor  the  production  of  the  granophyre  groups  of  quartz 
and  feldspar,  it  seems  highly  probable  that  ffie  differences  in 
consistency  and  in  the  phases  of  crystallization  producing  the  lam- 
ination  of  this  rock  were  directly  due  to  the  amount  of  vapors  ab- 
sorbed in  the  various  layers  of  the  lava  and  to  their  mineralizing 
influence. 


Art.  V. — The  latest   Volcanic  Eruption  i?i  Northern  California 
and  its  peculiar  Lava ;  by  J.  S.  Dilleb. 

Ik  making  a  geological  survey  of  the  northern  terminus  of  the 
Sierra  Nevada  range  in  California,  under  the  direction  of  Cap- 
tain C.  K  Dutton,  to  determine  its  relations  to  the  volcanic  phe- 
nomena farther  northward,  several  opportunities  were  aflforded 
to  visit  and  study  the  phenomena  resulting  from  the  latest  vol- 
canic outburst  in  that  region.  It  occurred  at  a  place  which  is 
now  pretty  well  known  in  that  part  of  the  world  as  **  The 
Cinder  Cone"  near  Snag  Lake,  about  ten  miles  northeast  of 
liassen  Peak,  in  Northern  California.  The  newness  of  all  the 
phenomena  connected'with  this  volcanic  eruption  is  so  striking 
when  compared  with  those  of  other  outbursts  in  the  same 
vicinity  that  many  of  the  country  people  and  tourists  are  led 
annually  to  visit  the  locality,  but  until  recently  it  has  not  been 
carefully  investigated. 

The  Cinder  Cone  is  a  remarkably  regular  truncated  cone  ris- 
ing about  six  hundred  and  twenty  feet  above  the  lowest  portion 
of  its  base,  and  is  composed  almost  exclusively  of  small  scoria 
and  lapilli.  Its  slopes  are  from  30^  to  35°,  just  as  steep  as  it  is 
possible  for  such  material  to  lie.  The  original  form  of  the 
crater,  which  is  marked  by  a  pit  over  two  hundred  feet  deep  in 
the  summit  of  the  cone,  is  perfectly  preserved.  Upon  its 
barren  slopes  the  only  vegetation  seen  is  one  small  bush,  but 
within  the  crater  rim  Jhidden  from  general  view,  there  are  a  few 
pines  whose  trunks  are  several  inches  in  diameter. 

The  lava  field  resembles  an  immense  tabular  stone  pile  cov- 
ering an  area  pf  about  three  square  miles,  and  ending  upon  all 
sides  with  steep  slopes  like  a  terrace  over  a  hundred  feet  in 
height.     Its  surface,  although  champaign,  is  extremely  rough, 
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being  formed  by  a  mass  of  broken  angular  blocks  of  lava,  and 
completely  impassable  to  beasts  of  burden.  The  fragmental 
stony  character  of  the  lava  flow  resulted  from  its  extreme  vis- 
cosity at  the  time  of  the  eruption.  The  crust  was  repeatedly 
broken  up  by  the  friction  and  pressure  of  the  moving  viscous 
lava  beneath,  and  shoved  along  in  such  a  way  as  to  round 
some  of  the  fragments  by  attrition. 

About  the  lava  field,  and  extending  away  from  it  in  all 
directions,  for  a  distance  of  from  ten  to  twelve  miles  is  the 
field  of  volcanic  ashes.  It  is  covered  with  pine  forest  which 
has  attained  the  maximum  development  for  that  region.  Close 
to  the  base  of  the  Cinder  Cone  the  thickness  of  the  ashes 
could  not  be  readily  ascertained.  One-fourth  of  a  mile  away, 
however,  they  are  over  seven  feet  in  depth  and  gradually  thin 
out  to  the  border  of  the  field.  In  the~1mTnediate~Tieighbor- 
hood  of  the  cone  a  trunk  of  Pinus  ponderosa  growing  directly 
upon  the  upper  surface  of  the  sand  has  a  circumference  of 
over  twelve  feet.  There  are  numerous  dead  trunks  of  the 
same  pine  standing  near  by  which  were  evidently  killed  at  the 
time  of  the  eruption.  Excavations  at  the  bases  of  these  trees 
show  that  they  extend  down  through  the  volcanic  sand  to  the 
original  soil  over  seven  feet  beneath  the  present  surface. 
Many  of  the  trees  killed  at  the  time  of  the  eruption  have  de- 
cayed and  disappeared,  but  their  positions  are  marked  by 
numerous  pits  upon  the  surface  where  the  sand  has  slid  in  to 
take  the  place  of  the  decayed  wood. 

It  is  obvious  that  the  volcanic  sand  of  the  ash  field  is  con- 
tinuous with  the  material  of  the  Cinder  Cone,  and  that  both 
are  products  of  the  same  eruption,  and  older  than  the  lava 
with  which  they  are  associated.  The  lava  plainly  belongs  to 
two  periods  of  effusion  separated  by  a  time-interval  during 
which  over  six  feet  of  infusorial  earth  was  deposited  upon 
the  older  portion.  At  the  time  of  the  final  eruption,  when  the 
ancient  lake  bed  was  in  many  places  raised  above  the  present 
level  of  Lake  Bidwell  and  Snag  Lake  was  formed,  the  great 
mass  of  the  lava  was  quietly  extravasated  without  any  ejections 
whatever  from  the  Cinder  Cone. 

The  lava  is  readily  recognized  as  basalt,  one  of  the  common- 
est of  all  types  of  late  volcanic  rocka  It  has  all  the  essential 
constituents  of  ordinary  basalt,  i.  e  plagioclase  feldspar,  augite 
and  olivine  together  with  accessory  magnetite  and  a  large  pro- 
portion of  uninditidualized  material  which  is  generally  globu- 
litic.  In  addition  to  all  these  characteristic  consftituents  of 
basaltic  lava  this  basalt  is  remarkably  anomalous  in  containing 
numerous  grains  of  quartz. 

Only  four  probable  hypotheses  suggest  themselves  in  expla- 
nation of  the  origin  of  these  quartz  grains  in  the  basalt.    They 
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may  be  regarded  :  (1)  as  remnants  of  the  rock  from  which  the 
basalt  may  have  been  derived  deep  in  the  earth  by  fusion ;  (2) 
as  inclusions  picked  up  by  the  lava  on  its  way  to  the  surface 
at  the  time  oi  the  eruption;  (8)  as  crystallizations  from  the 
magma  itself;  (4)  as  of  secondary  origin  derived  by  the  altera- 
tion of  other  minerals. 

The  absolutely  fresh  unaltered  condition  of  the  basalt  for- 
bids the  belief  that  the  quartz  is  Of  secondary  origin  and  the 
character  of  the  quartz  is  such  as  to  render  equally  untenable 
the  view  which  regards  it  as  a  remnant  of  tne  original  rock 
from  which  the  basalt  may  have  been  derived  by  fusion.  So 
we  have  left  to  determine  whether  the  quartz  grains  are  inclu- 
sions or  secretions. 

The  fractures  in  the  quartz  grains  and  the  border  of  glass 
and  pyroxene  by  which  they  are  surrounded  have  been  con- 
sidered characteristic  of  quartz  inclusions,  but  in  fact  such 
phenomena  are  equally  common  to  some  other  minerals  which 
are  universally  regarded  as  early  secretions  in  the  magma.  The 
quartz  always  occurs  without  well  defined  crystallographic 
form  in  clear,  vitreous,  roundly-corroded  grains  just  as  in  some 
of  the  more  acid  porphyritic  rocks  where  all  observers  agree 
that  it  is  indigenous  to  the  lava.  If  the  quartz  grains  are  re- 
garded as  inclusions  and  we  consider  their  multitude  we  would 
expect  to  find  a  greater  range  in  their  size  and  in  the  kind  of 
included  material.  Fragments  of  any  other  sort  in  the  basalt 
have  been  diligently  sou^^ht  for  in  vain.  These  considerations 
lend  much  support  to  the  view  which  conceives  the  quartz  to 
be  an  early  secretion  in  the  magma,  but  a  more  impressive 
argument  in  its  favor  is  based  upon  the  uniform  distribution 
of  the  quartz  grains  throughout  the  entire  mass  of  ihe  lava 
including  all  its  fragmental  forms.  It  is  as  intimately  inter- 
mingled with  the  other  constituents  of  the  basalt  as  the  feld- 
spar and  the  olivine,  only  somewhat  less  abundantly.  To  fully 
appreciate  this  fact  the  basalt  must  be  examined  in  the  field 
where  it  appears  impossible  to  explain  the  omnipresence  of  the 
quartz  satisfactorily  on  ariy  other  supposition  than  that  it  origi- 
nated in  the  magma  itself.  We  must  bear  in  mind  also  that 
this  particular  basalt  was  very  viscous  and  stiflf  at  the  time  of 
its  eruption,  so  that  it  broke  up  and  shoved  along  over  the  sur- 
face as  a  great  pile  of  stones.  On  account  of  the  high  degree 
of  viscosity,  inclusions  would  be  found  only  in  the  basalt 
which  came  up  very  close  to  the  side  of  the  volcanic  chimney 
and  they  would  not  spread  into  other  parts  of  the  lava.  Of 
this  I  was  fully  convinced  by  an  examination  of  the  volcanic 
necks  near  Mt.  Taylor  in  New  Mexico.  They  are  of  basalt, 
which  at  the  time  of  its  eruption  was  apparently  more  liquid 
than  that  containing  the  quartz  at  the  Cinder  Cone  near  Snag 
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Lake.  Before  reaching  the  surface  the  basalt  of  the  necks 
traversed  several  thousand  feet  of  horizontal  shales  and  sand- 
stones which  in  some  places  are  so  friable  as  to  easily  crumble 
in  the  hand.  A  more  favorable  opportunity  than  this  cannot 
be  imagined  for  the  basalt  at  the  time  of  its  extrusion  to  be- 
<3ome  thoroughly  impregnated  with  grains  of  sand.  Neverthe- 
less no  trace  of  quartz  grains  or  small  fragments  of  sandstone 
is  found  a  short  distance  inside  of  the  boundary  of  the  neck. 

The  abundance  of  the  quartz  grains  in  the  large  volcanic 
bombs  is  a  fact  of  special  significance.  It  is  evident  that  at 
the  time  of  the  eruption  the  bombs  were  thrown  up  into  the 
air  and  falling  upon  the  steep  slopes  of  the  Cinder  Cone  they 
tumbled  to  its  base,  where  they  collected  in  great  numbers. 
The  bombs  vary  in  size  from  half  a  dozen  inches  to  over  eight 
feet  in  diameter.  They  are  nearly  round,  and  toward  the 
center  are  very  compact  and  jointed  frequently  in  such  a  man- 
ner that  the  fissures  radiate  from  the  center  of  the  bomb.  The 
surface  is  rough,  often  vesicular  and  pumiceous.  If  the  bombs 
had  been  soft  at  the  time  of  their  ejection  as  is  frequently  the 
case,  they  would  have  flattened  out  when  they  struck  the 
ground,  but  from  the  fact  that  they  remained  round  it  may  be 
inferred  that  they  were  alreacUr  solid  at  the  time  of  the  erup- 
tion, having  previously  floated  around  as  clots  in  the  magma. 
These  bombs  are  undoubtedly  the  oldest  portion  of  the  lava, 
having  solidified  previous  to  the  eruption  or  in  its  earliest 
stage,  before  the  magma  in  which  they  were  suspended  reached 
the  surface.  The  fact  that  the  grains  and  lumps  of  quartz  are 
abundant  to  the  very  center  of  the  largest  bombs  demonstrates 
that  they  are  early  secretions  from  the  magma  at  a  time  when 
it  was  under  enormous  pressure.  During  the  eruption  the 
pressure  was  relieved  and  the  consequent  conditions  of  solu- 
bility changed,  so  that  the  quartz  secretions,  like  those  of  the 
more  acid  lavas,  were  partially  redissolved  or  fused,  giving  rise 
to  the  zone  of  glass  and  pyroxene  by  which  the  quartz  is  sur- 
rounded. 

The  quartz  basalt  is  younger  than  any  of  the  many  basalts 
about  it  There  are  numerous  cinder  cones  and  recent  flows 
of  basalt  upon  all  sides  of  the  one  under  consideration,  and 
yet,  althougn  they  were  extravasated  through  the  same  forma- 
tions and  under  the  same  coi^ditions  as  the  quartz  basalt,  they 
contain  no  quartz.  This  fact  indicates  clearly  that  the  source 
of  the  quartz  is  to  be  found  in  that  of  the  basalt  itself. 

Until  recently  I  had  supposed  that  there  was  only  one  local- 
ity of  quartz  basalt  in  that  region,  but  later  investigations  in 
the  field  have  discovered  another  near  Silver  Lake,  twenty-five 
miles  northwest  of  Lassen  Peak,  about  an  entirely  distinct  vol- 
canic center.    It  has  all  the  peculiar  features  of   the  quartz 
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basalt  at  the  Cinder  Gone  and  like  it  is  the  youngest  lava  of 
.  tbac  vicinity. 

Grains  oi  quartz  have  been  noticed  by  other  observers  in 
basalts  from  various  parts  of  the  world,  but  they  have  been 
almost  invariably  considered  to  be  inclusions  of  entirely  for- 
eign quartz  picked  up  at  the  time  of  the  eruption. 

The  great  difficulty  which  has  stood  in  the  way  of  consider- 
ing the  quartz  as  indigenous  to  the  basalt  is  of  a  chemical 
nature,  and  on  account  of  it,  petrographers  generally  are  disin- 
clined to  admit  that  it  is  possible  for  quartz  to  crystallize  in  a 
magma  which  yields  olivine.  It  must  be  borne  in  mind,  how- 
ever, that  the  quartz  and  the  olivine  did  not  crystallize  syn- 
chronously nor  under  the  same  conditions.  The  quartz  is 
older  than  the  olivine  and  crystallized  under  great  pressure  far 
beneath  the  surface  in  that  region  where  the  conditions  of  phys- 
ical and  chemic  equilibrium  are  as  yet  so  largely  conjectural. 
The  crystallization  of  the  olivine  was  rendered  possible  by  the 
earlier  secretion  of  free  silica. 

Chemical  Analysis  of  quartz  basalt  from  the  Cinder  Cone. 

SiO, : 67-26 

TiO 0-60 

A1,0, 16-46 

Fe,0, 1-67 

FeO 4-72 

MnO 1 0-10 

CaO 7-66 

SrO trace 

BaO 0-00 

MgO 6-74 

K,0 1-67 

Na,0 3-00 

Li.0 000 

H,0 0-40 

P.O. 0-20 

100-36 

The  accompanying  chemical  analysis  of  the  quartz  basalt 
from  the  Cinder  Cone  near  Snag  Lake  has  been  made  for  me 
in  the  labo  atory  of  the  TJ.  S.  Geological  Survey  by  W.  F. 
Hillebrand.t  The  high  percentages  of  silica  and  magnesia  are 
to  be  noticed  in  connection  with  the  low  percentages  of  the 
oxides  of  iron. 

Corrode3  quartz  is  abundant  in  the  quartz  porphyries  and 

rbyolites,  less  abundant  in  the  andesites  and  rare  in  the  basalts, 

nevertheless  its  presence  is  an  essential  feature  of  the  basalt  in 

which  it  occurs  and  may  be  used  as  one  of  the  means  of  dis- 

Am.  Joub.  Sol— Third  Series,  Vol.  XXXin,  No.  193.— January,  1887. 
4 


Digitized  by 


Google 


50  G,  F.  Becker — Texture  of  Massive  Rocks. 

tinguishing  certain  lavas  as  quartz-basalts,  just  as  it  is  used  in 
other  cases  to  characterize  quartz  andesite.  The  separation  of 
the  basalts  into  ordinary  basalts  and  quartz  basalts  is  not  a 
purely  mineralogical  classification  but^is  founded  upon  their 
chemical  composition  as  well  as  upon  their  genetic  relations 
expressed  in  their  natural  order  of  eruption — the  quartz  basalts 
in  every  case  known  being  younger  than  the  other  basalts  of 
the  same  region  just  as  the  quartz  andesites  (dacites)  are 
younger  than  the  other  andesites  of  the  same  volcanic  center. 
Petrol.  Lab.  U.  SI  GeoL  Survey,  Washington,  D.  C,  Nov.  19,  1886. 


Art.  VI. — The   Texture  of  Afassive  Bocks ;  by  George  F. 

Beoker. 

An  opinion  has  been  gaining  ground  among  geologists  for 
some  years  past,  that  the  principal  diflFerences  in  the  texture 
of  massive  rocks  are  due  to  differences  in  the  rate  of  cooling 
and  differences  in  the  pressure  under  which  the  masses  have 
consolidated.  That  slow  cooling  will  convert  into  a  partially 
crystalline  mass  a  magma  which,  if  rapidly  chilled,  would  re- 
main substantially  in  the  form  of  glass  is  known  experimentally* 
and  observations  on  volcanic  flows  are  accordant  with  exper- 
iment; for  it  is  certain  that  glass  is  often  abundant  at  the  sur- 
face of  lava  streams  and  that  it  is  chiefly  confined  to  moderate 
distances  from  the  original  surfaces  of  eruptive  masses,  although 
minute  particles  of  glass  may  frequently  be  found  at  consider- 
able depths.  It  may  readily  be  granted,  that  at  a  suflScient 
depth  all  trace  of  glass  would  disappear;  or  that  an  ordinary, 
homogeneous,  eruptive  magma  may  be  cooled  so  slowly  and 
under  such  pressures  as  to  yield  a  holocrystalline  product. 
Whether  or  not  the  pressure  is  influential  in  this  respect  is 
questionable. 

It  is  supposed  to  be  a  mere  extension  of  this  thesis  to  main- 
tain that  the  difference  between  porphyritic  structure  and  gran- 
ular structure  is  due  to  a  similar  differenc*  in  the  physical  con- 
ditions to  which  the  fluid  magma  has  been  subjected.  The 
inference  has  thus  been  drawn,  that  if  the  material  constituting 
a  given  holocrystalline  porphyry  had  been  cooled  sufl&ciently 
slowly  and  under  suflicient  pressure,  it  would  have  assumed 
the  granular  structure  of  typical  granite  or  diorite. 

Tnis  appears  to  me  to  be  a  wholly  different  and  lilmost  an 
unrelated  proposition  rather  than  a  legitimate  extension  of  the 
preceding.     The  immediate  origin  of  granular  structure  is  the 

*  The  best  example  is  perhaps  "  basaltified  "  iron  blast-furnace  slag,  which  has 
been  used  to  a  large  extent  for  street  pavements. 
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simultaneous  development  of  diflFerent  crystalline  grains,  each 
of  which,  as  it  increases  in  size,  interferes  with  the  growth  of 
others.  A  porphyry,  on  the  other  hand,  is  produced  when  only 
one  or  two  minerals,  crystallize  from  a  homogeneous  fluid  in 
advance  of  the  remainder  and  individual  crystals  of  these  favor- 
ed species  are  afforded  an  opportunity  to  reach  a  comparatively 
large  size  and  a  good  crystallographic  development.  Porphy- 
ritic  structure  is  thus  certainly  due  to  what  chemists  would  call 
"  fractional  "  crystallization.  Granting  that  a  given  homoge- 
neous fluid  may  be  cooled  so  slowly  and  under  such  pressures 
as  to  yield  a  holocrystalline  porphyritic  product,  it  certainly 
<ioes  not  follow  as  a  matter  of  logic,  that  if  it  were  cooled  still 
more  slowly  and  under  a  still  greater  pressure,  the  various  ulti- 
mate compounds  would  crystallize  simultaneously.  Neither 
does  this  conclusion  follow  as  a  matter  of  chemical  or  physical 
theory.  The  solidification  of  minerals  must  proceed,  as  I  have 
shown  in  a  former  paper,*  in  obedience  to  the^  principle  that 
the  particular  compound,  the  formation  of  which  in  the  solid 
state  liberates  heat  at  the  highest  rate,  will  be  the  first  to  sep- 
arate. Now  it  is  certain  that,  in  general,  the  formation  of  dif- 
ferent solid  compounds  is  attended  by  the  liberation  of  heat  at 
different  rates;  and  the  more  slowly  the  conditions  change  the 
more  perfect  will  be  the  divisions  between  the  intervals  of  time 
during  which  different  compounds  will  be  precipitated.  If  a 
chemist  desires  to  separate  salt^  by  partial  crystallization,  he 
will  cool  or  evaporate  his  solutions  as  slowly  as  possible.  It 
would  thus  appear  both  from  experiment  and  from  theory  that 
if  a  homogeneous  eruptive  magma  were  cooled  very  slowly  in- 
deed, one  or  two  minerals  would  be  most  likely  to  crystallize 
at  first,  or  early  in  the  process,  and  to  attain  good  crystallo- 
graphic development ;  that  if  these  minerals  constitute  a  fairly 
large  portion  of  the  mass,  they  would  eventually  build  up  a 
framework  full  of  interstices;  that  as  the  solidification  proceed- 
ed beyond  this  point  and  other  compounds  crystallized  out, 
these  could  no  longer  develop  symmetrically  but  must  be 
crippled  by  the  interference  of  earlier  crystals  and  by  mutual 
opposition.  In  short  one  would  expect  to  obtain  a  holocrys- 
talline porphyry  as  the  product  of  a  homogeneous  fluid  glass 
slowly  cooled. 

Geological  observations  bearing  upon  this  subject  are  readily 
accessible.  Every  microscopical  lithologist  knows  that  some 
minerals  show  the  clearest  evidence  of  early  separation  from 
eruptive  magmas,  being  imbedded  in  other  crystals ;  and  that 
such  minerals,  for  example  apatites,  are  very  usually  well-de- 
veloped crystals;  indeed  irregular  crystalline  grains  of  apatites 
are  very  rare  in  lavas.     Eruptive  magmas  do  then  separate  out 


A.  new  liaw  of  Thermochemistry,  this  Journal,  1886,  vol.  xxzi,  p.  120. 
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some  minerals  before  others  ("crystals  of  prim  air  consolida- 
tion," as  they  are  called  by  Messrs.  Fouqu6  and  Michel  L6vy), 
and  the  earliest  of  these  crystals  have  good  crystallographic  de- 
velopment. Eruptive  magmas  thus  obey  a  similar  law  to  that 
observed  experimentally  in  artificial  fluids.  It  is  usually  ac- 
cepted that  many  of  the  crystals  of  primary  consolidations  are 
formed  prior  to  the  eruption  of  lavas ;  indeed  I  cannot  remem- 
ber to  have  seen  this  denied,  and  yet  it  may  be  advisable  to 
dwell  somewhat  upon  the  evidence  of  the  fact. 

Darwin,*  Mr.  Clarence  King  f  and  others  before  them  have 
observed  that  when  small  branches  are  thrown  out  from  lava 
streams  of  active  volcanos  and  rapidly  chilled,  crystals  of  feld- 
spar and  augite  are  found  accumulated  at  the  lower  surface, 
while  the  upper  portions  consist  of  nearly  pure  isotropic  glass. 
It  is  substantially  certain  that  these  crystals  cannot  have  form- 
ed during  the  short  interval  elapsing  between  the  rise  of  the 
material  to  the  surfa<ie  and  the  moment  of  complete  consolida- 
tion. Hence  the  crystals  must  have  been  suspended  in  the  lava 
as  it  came  to  the  surface  and  must  have  formed  at  a  distance 
from  the  surface  which  is  to  be  measured  by  miles.  There  is 
also  other  evidence  nearly  or  quite  as  strong.  Near  the  C5om- 
stock  I  found  (in  a  slide)  a  crystal  of  hornblende,  bounded  on 
all  sides  but  one  by  sharp  crystallographio  outlines.  The  re- 
maining  side  appeared  to  represent  a  fractured  or  rather  split 
surface,  about  one-half  of  the  cross  section  of  the  prism  being 
gone.^:  This  fractured  crystal  is  solidly  imbedded  in  the 
groundmass  of  the  rock,  and  the  fracture  must  consequently 
have  taken  place  while  the  groundmass  was  still  fluid.  It  is 
almost  or  quite  impossible  to  suppose  any  conditions  under 
which  this  crystal  can  have  been  broken  excepting  those  attend- 
ing the  actual  rush  of  the  lava  from  a  profound  depth  to  the 
surface.  Hence  it  is  as  nearly  certain  as  possible  that  this 
hornblende  must  have  formed  before  eruption,  and  under  the 
pressure  of  miles  of  rock.§  The  fact  that  "flow  structure"  is 
common  immediately  about  porphyritic  crystals  in  eruptive 
rocks,  is  by  itself  almost  sufficient  to  show  that  the  formation 
of  these  crystals  antedates  eruption.  The  larger  the  crystals  of 
primary  consolidation  the  less  probable  it  is  that  they  were 
formed  after  the  eruption  of  a  porphyry.  In  the  Washoe  dis- 
trict there  is  an  area  of  hornblende  andesite  in  which  the  rock 
is  studded  with  unusually  large  and  very  finely  developed 
hornblendes.l     An  immense  number  of  these  are  an  inch  and 

♦  Volcaoic  Islands,  chap.  VI.  f  Systematic  Gteology,  p.  716. 

J  Geology  of  the  Comstock  Lode,  p.  59  and  Plate  III.    The  double  black  bor- 
der shows  clearly  that  the  crystal  must  haye  been  split. 
§  Others  have  also  observed  fractured  or  bent  crystals  in  lavas. 
I  Geology  of  the  Comstock  Lode,  p.  57. 
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a  half  iD  length  and  proportionately  thick,  while  I  found  one 
specimen  four  inches  in  length  and  aboat  three-quarters  of  an 
inch  in  thickness.  It  seems  unnecessary  to  insist  that  crystals 
of  sQch  a  size  cannot  have  formed  after  ejection.  The  ground - 
mass  of  this  andesite  did  not  differ  essentially  from  that  of  an 
ordinary  hornblende  andesite. 

Suppose  that  this  rock  had  remained  in  its  original  position 
at  least  five  miles  below  the  surface  and  under  the  pressure  of 
some  30,000  pounds  per  square  inch  until,  by  gradual  refriger- 
ation, the  entire  mass  had  become  solid.  There  would  probably 
have  been  no  residual  glass,  or  the  mass  would  have  become 
holocrystalline.  But,  as  the  interstices  between  the  hornblendes 
gradually  filled  with  other  minerals,  and  after  a  certain  portion 
of  the  entire  mass  had  become  solid,  the  growing  crystals  must 
have  been  crippled  by  mutual  interference  and  the  opposition 
of  the  already  completed  crystals.  In  short  it  is  not  possible 
that  a  more  or  less  granular  groundmass  s^^ould  have  been  en- 
tirely absent  and,  even  if  this  rock  had  cooled  at  an  impercep- 
tible rate  and  under  a  stupendous  pressure,  it  would  still  have 
yielded  a  porphyry  and  not  a  rock  of  granitoid  structure. 

Evidence  of  this  kind  could  be  indefinitely  adduced  and  it  is 
in  the  hands  of  every  geologist.  It  appears  to  me  to  lead  inev- 
itably to  the  conclusion  that  porphyries  may  be  formed  from 
homogeneous  fluid  magmas  at  pressure  however  great,  and  at 
temperatures  which  sink  at  never  so  small  a  rate.  If  so,  the 
formation  of  rocks  of  the  structural  type  of  granite  from  homo- 
geneous fluid  magmas  must  represent  only  extreme  and  highly 
exceptional  cases  of  a  curious  neutral  chemical  equilibrium. 

Conditions  the  very  opposite  of  those  attending  the  consoli- 
dation of  fluid  eruptive  magmas  are  present  in  sedimentary 
rocks  undergoing  crystallization  as  a  feature  of  metamor- 
phism.  The  chemical  composition  of  a  sedimentary  rock  usu- 
ally varies  from  millimeter  to  millimeter.  If  it  is  permeated 
by  a^chemically  active  fluid,  the  reaction  which  will  liberate 
heat  most  rapidly  varies  with  the  locality  as  rapidly  as  the 
composition.  Hence  innumerable  centers  of  a  whole  range  of 
reactions  are  simultaneously  established,  a  number  of  minerals 
equal  to  that  of  the  reactions  begins  to  crystallize  at  once,  and 
no  one  mintjral  has,  as  a  rule,  an  opportunity  to  exhaust  the 
materials  of  which  it  is  built  up  before  it  is/interfered  with  by 
others.  Thus  among  metamorphic  crystalline  rocks  a  granular 
structure  should  be  the  rule  and  a  porphyritic  structure  should 
represent  rare  exceptions.  This  is  of  course  true.  The  common- 
est partial  exception  is  in  the  case  of  garnet  and  is  due  to  the 
power  which  garnet  possesses  to  an  unusual  degree  of  including 
solid  foreign  material.  There  are  cases  however  which  I  have 
carefully  fltudied,  in  which  a  metamorphic  mass  for  a  few  cubic 
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inches  possesses  as  good  a  porphyritic  structure  as  a  true  erup- 
tive rock,  just  as  granular  patches  may  sometimes  be  found  in 
typical  porphyries. 

Xt  would  appear  then  that  a  porphyritic  structure  should  be 
the  rule  among  rocks  which  have  attained  a  high  degree  of 
fluidity,  while  agranular  structure  should  be  characteristic  of 
raetamorphic  rocks.  So  far  as  geologists  are  fully  agreed,  this 
is  true,  for  opinions  are  divided  as  to  the  origin  of  granite  and 
allied  rocks. 

Many  geologists,  and  I  am  among  the  number,  do  not  ques- 
tion that  there  are  both  eruptive  and  metamorphic  granites, 
diorites  and  diabases.  If  this  is  granted,  or  assumed  to  be  true 
for  the  sake  of  argument,  either  the  intrusive,  granular  rocks  of 
typical  habitus  have  been  as  fluid  as  lavas,  and  therefore  rep- 
resent the  extreme  case  in  which  various  reactions  liberate  heat 
at  exactly  the  same  rate ;  or  else,  like  the  metamorphic  rocks, 
sometimes  quite  indistinguishable  from  them,  they  have  never 
been  sufficiently  fluid  to  reach  substantial  homogeneity.  Of 
these  two  suppositions  the  former  seems  very  improbable,  be- 
cause granular  rocks  are  not  exceptionally  rare  and  must  have 
been  formed  under  widely  prevailing  conditions.  The  alterna- 
tive supposition,  that  granular  rocks  as  a  whole  have  never 
been  thoroughly  fluid,  does  not  represent  a  strange  chemical 
equilibrium  and  is  not  d  priori  improbable. 

The  rapid  variation  in  texture  and  mineral  composition  of 
many  granites  is  familiar  to  all  geologists  and  they  can  draw 
their  own  conclusions  from  the  evidence  which  this  rock  pre- 
sents as  to  the  former  fluidity  of  the  granitic  magma.  Scheerer 
and  others  long  ago  maintained  that  granite  had  never  been 
raised  to  a  high  temperature  or  been  reduced  to  a  cordition  of 
perfect  fluidity.  I  prefer  to  employ  as  an  illustration  the  dio- 
rite  of  Mt.  Davidson,  which  forms  the  foot  wall  of  the  Com- 
stock  lode  in  the  mines  known  as  the  central  group,  between 
Spanish  ravine  and  Bullion  ravine.  It  forms  a  bare,  unbroken 
exposure  from  the  top  of  the  mountain  to  the  croppings  ol  the 
loae,  a  vertical  distance  of  1800  feet  and  has  been  open  to  my 
observation  at  several  points  in  the  mines  down  to  a  depth  of 
3,000  feet  below  the  croppings.  The  horizontal  distance  be- 
tween the  two  ravines  is  about  three-fourths  of  a  mile.  Geolo- 
gists have  perhaps  seldom  had  an  opportunity  of  examining  a 
single  rock-mass  of  this  kind  over  a  vertical  distance  of  4,300 
feet  within  a  horizontal  distance  of  just  about  one  mile.  The 
exposures  in  the  mines  are  no  longer  accessible  and  will  prob- 
ably never  again  be  opened  up. 

From  top  to  bottom  this  mass  presents  the  same  general 
character.  The  earlier  visitors  to  tlie  region  called  this  rock 
granite,  but  as  it  contains  little  or  no  quartz.  Baron  von  Richt- 
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hofen  designated  it  as  syenite.  It  continued  to  be  thus  classed 
until  Professor  Zirkel  showed  by  microscopic  examination  that 
it  is  a  plagioclaae  rock.  These  facts  are  cited  to  show  that  it  is 
substantially  a  granular  rock  of  the  granitic  type.  So  nearly 
as  I  can  estimate,  about  95  per  cent  of  the  mass  is  granular, 
the  remainder  consisting  of  more  or  less  porphyritic  matter. 
While  the  general  character  of  the  rock  is  everywhere  the 
same,  there  are  considerable  and  rapid  changes  in  the  composi- 
tion and  the  texture  of  the  material  from  point  to  point ;  but  the 
same  varieties  occur  over  and  over  a^in  within  snort  distances 
and  are  everywhere  confined  to  substantially  the  same  range. 
Thus  during  the  summer  of  1885 1  studied  with  care  the  excel- 
lent and  extensive  exposures  which  had  just  been  made  on  the 
3000-foot  level  of  the  ChoUar  mine.  Here  I  «ollected  every 
variety  of  the  rock  exposed,  and  of  these  six  or  eight  were 
diFtinguishable  either  by  coarseness  of  grain,  or  by  a  more  or 
less  pronounced  porphyritic  texture.  I  carried  these  specimens 
to  the  west  wall  of  the  croppings,  8,000  feet  above  the  same 
claim,  or  in  the  same  vertical  plane,  and  found  neither  any 
general  difference  nor  any  difficulty  in  matching  each  specimen 
from  below  by  others  from  the  surface.  For  the  interval  be- 
tween the  croppings  and  the  summit  of  the  mountain  similar 
statements  hold  true.  There  is  throughout,  no  indication  of  a 
tendency  to  a  change  varying  with  depth  below  the  summit. 

The  bare,  faulted  slopes  of  Mt.  Davidson  afford  an  admirable 
opportunity  for  a  study  of  the  relations  which  exist  between 
the  porphyritic  and  granular  forms  of  dioriie.  Patches  of  por- 
phyritic rock  are  surrounded  by  granular  material,  and  patches 
of  granular  matter  are  surrounded  by  a  porphyritic  rock. 
Neither  one  nor  the  other  form  inclusions.  They  resemble  the 
dark  spots  so  constantly  met  with  in  granite  and,  in  innumer- 
able instances,  show  a  transition  from  one  structure  to  the 
other.  In  some  cases  this  transition  is  rapid  though  unmis- 
takable, in  others  it  is  so  gradual  that  it  would  be  impossible 
to  decide  within  some  inches  where  to  draw  the  line  between 
the  granular  and  porphyritic  forms.  Only  a  very  small  portion 
of  this  mass  is  micaceous.  Here  may  be  found  a  single  flake 
of  biotite,  there  a  group  of  flakes  fading  out  from  a  centre 
into  the  ordinary  granitoid  mass. 

It  is  manifest  that  where  a  spot  which  is  a  few  inches  in 
diameter  fades  out  into  the  surrounding  granular  mass,  the 
material  of  which  each  is  composed  must  have  been  subjected 
to  identical  physical  conditions  Neither  can  have  chilled  more 
rapidly  than  the  other  and  the  pressure  on  each  must  have  been 
the  same.  But  the  differences  between  rocks  can  be  due  only 
to  physical  or  chemical  conditions.  The  porphyritic  portions  of 
this  rock  must  therefore  have  a  different  composition  from  the 
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granular  portions,  and  the  constitution  of  the  nr^ioaceous  por- 
tions must  be  different  from  that  of  either  of  the  others.  In 
short,  original  diflFerences  in  composition  are  necessary  and 
suflBcient  to  explain  the  differences  in  texture ;  and  since  the 
composition  varied  enough  to  produce  striking  differences  in 
texture,  the  magma  can  never  have  been  homogeneous  and 
therefore  it  can  also  never  have  been  thoroughly  fluid.  It  also 
seems  quite  clear,  from  the  results  reached  in  preceding  para- 
graphs, that  those  portions  which  were  more  fusible  and  became 
fluid,  solidified  as  porphyry,  while  those  portions  which  were 
(inly  reduced  to  a  pasty  condition  and  which  consisted  of  rather 
intimate  mixtures  of  somewhat  heterogeneous  material,  solidi- 
fied as  a  granular  rock.  The  melting  point  of  most  bodies 
rises  with  the  fjressure.*  It  is  therefore  in  so  far  conceivable 
that  a  column  of  homogeneous  eruptive  rock  of  uniform  tem- 
perature should  exist,  the  upper  portion  of  which  is  fluid  and 
the  lower  portion  pasty.  Such  a  column  might  solidify  to  a 
porphyry  near  the  upper  end  and  to  a  granitic  mass  at  the  lower 
end.  The  lack  of  knowledge  of  the  relation  betwe,en  melting 
points  and  pressures  of  minerals  makes  it  impossible  to  assert 
that  such  cases  may  not  sometimes  occur  in  nature,  but,  if  so, 
they  must  be  exceptional.  Positive  evidence  has  been  given 
above  that  porphyries  such  as  andesites  must  be  fluid  enough 
to  allow  of  free  crystallization  before  eruption  and  at  pres- 
sures which  1  believe  must  greatly  exceed  those  at  which  any 
rocks  accessible  to  dwellers  on  the  surface  of  the  earth  can 
have  solidified.  A  column  of  andesite  of  which  the  lower  por- 
tion was  rendered  pasty  by  mere  pressure  would  have  to  exceed 
in  length  the  distance  from  its  point  of  eruption  to  the  source 
of  the  lava,  probably  not  less  than  five  miles  and  very  likely 
much  more.  Again  if  the  lower  end  of  a  column,  say  10,000 
feet  in  length,  were  rendered  pasty  by  mere  pressure,  it  would 

♦  Lavas  not  seldom  contain  crystals  of  primary  consolidation  which  appear  to 
be  rouoded,  as  if  they  had  been  partially  fused  after  crystallization.  The  forma- 
tion of  black  borders  on  hornblende  may  also  indicate  a  partial  fusion  or  soften- 
ing of  these  crystals.  These  pheuomena  are  almost  certainly  attendant  upon 
eruption,  and  if  ihey  indicate  real  fusion,  lead  to  the  conclusion  that  the  melt- 
ing point  of  such  minerals  actually  falls  with  diminishing  pressure.  Bodies,  the 
melting  point  of  which  varies  in  the  same  sense  as  the  pressure,  are  denser  in  the 
solid  than  in  the  fluid  state  at  the  melting  point,  and'  this  question  consequently 
has  a  bearing  on  the  problem  of  the  solidity  of  the  earth.  In  the  Hawaiian  lavas 
the  glass  ejected  has  substantially  the  composition  of  basalt  and  the  fact  that,  aa 
Mr.  King  observed,  the  chief  constituent  minerals  sink  in  and  are  heavier  than 
this  glass,  points  in  the  same  direction ;  though  unless  there  are  really  indications 
of  fusion  of  the  crystals  it  remains  uncertain  how  far  from  this  melting  point  the 
separation  by  density  took  place.  Other  purely  geological  phenomena  also  tend 
to  the  same  conclusion.  Thus  Captain  Button  has  observed  that  the  crusts  which 
form  on  the  melted  luvas  in  the  craters  of  Hawaiian  volcanoes  often  breakup  afld 
sink.  These  crusts  are  of  course  largely  glass,  but  glass  is  certainly  as  a  rule 
less  dense  than  the  minerals  which  crj'stallize  from  it,  so  that  were  the  crusts 
holocryatalline  they  would  sink  only  the  more  readily. 
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beoome  still  less  flaid  if  it  were  subjected  to  several  times  this 
pr^are.  Sach  material  at  a  distance  below  the  surface  of  five 
or  more  miles,  would  lose  so  much  of  its  plasticity  that  it  may  be 
doubted  whether  it  could  furnish  the  material  for  an  ordinary  vol- 
canic eruption.  Finally,  if  the  influence  of  pressure  on  the 
fusibility  were  such  as  to  make  a  notable  diflTerence  in  the  fluid- 
ity of  a  column  of  lava  10,000  feet  in  height,  the  melting  point 
of  crystals  which  had  separated  out  five  miles  below  the  sur- 
face would  be  so  much  reduced  by  the  relief  of  pressure 
attendant  upon  eruption  that  they  would  completely  fuse.  The 
preceding  paragraphs  show  that  this  is  not  the  case  with  those 
minerals  which  form  the  larger  individuals  in  porphyries.  Bat 
hornblende,  pyroxene,  mica,  plagioclase  and  orthoclase  all  play 
this  part  in  the  porphyries,  and  they  are  also  the  chief  mineral 
constituents  of  the  granular  rocks.  The  supposition  that  a  col- 
umn of  lava.  10,000  feet  high  of  uniform  and  representative 
composition,  which  is  fluid  near  Che  top,  can  become  pasty  near 
the  base  through  mere  pressure  thus  conflicts  with  well-ascer- 
tained facts.  It  is  easy  to  see  that  if  the  opposite  law  of  fus- 
ibility prevailed,  or  if  the  meltinff  point  rose  as  the  pressure 
diminished,  there  could  be  no  tendency  to  the  disappearance  of 
porphyries  with  increasing  depth. 

On  the  other  hand  the  diorite  of  Mt.  Davidson  ^nd  many 
granites  are  known  to  overlie  sedimentary  rocks  late^  than  the 
Archaean  and  must,  therefore,  have  solidified  within  a  moderate 
distance  from  the  surface;  so  that  while  no  amount  of  pressure 
is  known  to  be  sufficient  to  prevent  the  formation  of  porphyry, 
granular  rocks  may  form  at  very  moderate  pressures. 

The  foregoing  considerations  seem  tome  to  justify  the  fol- 
lowing conclusions : 

The  relation  between  holocrystalline  porphyries  and  granular 
rocks  is  of  'very  diflferent  character  from  that  which  exists  be- 
tween glassy  rocks  and  those  which  are  completely  devitrified. 
Porphyries  may  form  at  any  depth  and  no  matter  how  slowly 
the  temperature  of  the  magma  may  sink.  Granular  rocks, 
except  in  a  just  conceivable  limiting  case  which  must  be  ex- 
ceedingly rare,  can  never  have  been  thoroughly  fluid  or  homo- 
geneous, but  have  often  consolidated  at  pressures  extremely 
moderate  compared  with  those  at  which  it  is  certain  that  por- 
phyries would  form.  When  granular  and  porphyritic  forms  of 
a  rock  are  associated,  as  at  Mt.  Davidson,  the  cause  of  differ- 
ence in  texture  is  usually  a  variation  in  chemical  composition, 
and  the  temperature  to  which  the  rock  has  been  subjected 
must  have  been  sufficient  to  melt  portions  of  the  mass  but  not 
the  whole.  The  indications  are  that  granular  rocks  have  been 
formed  at  a  lower  temperature  than  porphyries  of  exactly  the 
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same  chemical  composition,  and  that  the  granular  rocks  as  a 
group  have  been  less  intensely  heated  than  the  porphyries. 

It  is  well  known  to  those  who  are  likely  to  read  the  fore- 
going pages,  that  Messrs.  Hague  and  Iddings  have  drawn 
very  diflferent  conclusions*  from  a  study  of  my  collections 
from  the  neighborhood  of  the  Comstock  lode ;  and  that  they 
have  disputed  many  of  the  results  both  lithological  and  struct- 
ural reached  in  my  memoir  on  that  great  ore-deposit.f  I  have 
replied  to  their  conclusions  elsewhere  ;:|:  but  I  may  be  per- 
mitted to  repeat  here,  that  I  have  re-examined  the  district  and 
mines  with  their  paper  in  hand  and  am  only  the  more  con- 
vinced that  my  elucidation  was  substantially  correct.  The 
diorite,  diabase  and  augite  andesiteare  not  a  single  eruption  or 
series  of  eruptions,  as  they  raaintian  ;  but  constitute  three  and 
probably  four  eruptions  which  took  place  at  long  intervals  of 
time.  There  is  very  strong  evidence  that  the  diorite  and  dia- 
base are  pre-Tertiary  rocks  both  at  the  Comstock  and  that 
Steamboat  Springs,  six  miles  distant,  where  diabase  pebbles  are 
included  in  metamorphic  conglomerates  of  pre-Tertiary  (prob- 
ably Jura-Trias)  periods.  The  earlier  hornblende  andesite  of  my 
report  is  intermediate  in  age  between  the  diabase  and  the  augite 
andesite.  The  quartz  porphyry  is  pre-andesitic,  orthoclastic 
and  does  not  intersect  the  Sutro  tunnel.  The  Washoe  district 
presents  no  valid  argument  for  asserting  a  progressive  increase 
of  crystallization  in  the  rocks,  while  it  offers  the  strongest  argu- 
ments in  favor  of  the  conclusions  drawn  in  this  paper. 

U.  S.  Geological  Survey,  Washington,  D.  C,  Oct.  1886. 


Art.  VII, — A  fifth  mass  of  Meteoric  Iron  from  Augusta  Co., 
Va. ;  by  George  F.  Kunz. 

This  mass  of  meteoric  iron  was  given  to  the  late  Colonel 
W.  B.  Baldwin,  of  Staunton,  Augusta  Co.,  Va.,  and  was  found 
at  or  near  the  place  where  the  largest  of  the  three  masses  from 
Augusta  Co.,  first  described  by  Professor  Mallet,§  was  found. 
Col.  Baldwin  vas  under  the  impression  that  it  was  a  detached 
part  of  the  largest  mass.  Professor  Mallet  received  it  from 
him  at  a  considerably  later  date  than  the  large  mass,  and  having 
chipped  and  filed  a  small  flat  surface,  he  found,  after  etching, 
that  the  Widmanstatten  figures  were  like  those  on  the  large 
mass.  A  careful  examination  satisfied  him  that  this  piece  of 
iron  had  not  been  in  any  way  artificially  detached  from  any  one 

♦Bull.  U.  S.  Geol.  Sur.,  No.  17. 

f  Geology  of  the  Comstock  Lode,  etc.,  U.  S.  Geological  Survey,  Monograph  III. 

i  Bulletin  of  the  California  Academy  of  Sciences,  No.  6,  p.  93. 

§  This  Journal,  III,  ii,  10,  1871. 
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of  the  previously  discovered  masses,  though  there  is  no  doubt 
that  all  the  other  four  meteoric  irons  from  Augusta  Co.,  includ- 
ing the  one  now  described,  are  portions  of  a  meteorite  which 
probably  exploded  in  mid  air.  Its  present  dimensions  are  8*5*^ 
by  6-6°°,  7°"  at  the  widest  end  and  3°"  at  the  smaller  end. 
This,  like  the  other  masses,  contains  ferrous  chloride  which,  by 
its  deliquescence,  has  caused  much  of  the  mass  to  exfoliate  and 
crack  off,  so  that  this  mass  is  only  a  nodular  remnant  of  what 
was  formerly  a  much  larger  mass.  At  one  end  (see  figure) 
there  is  a  large  fragment  weighing:  several  hundred  grams,  that 
is  in  part  separated  by  a  fissure  4°^  wide — a  result  of  oxida- 


tion. Several  fracture  pieces  show  from  four  to  six  faces  of 
the  octahedron.  The  following  analysis  of  the  mass  is  kindly 
famished  by  Professor  J.  W.  Mallet : 


Iron 90-293 

Nickel 8-848 

Cobalt -486 

Copper -016 

Tin -006 

Manganese trace 

Chromium trace 


Phosphorus -243 

Sulphur -012 

Chlorine trace 

Carbon -177 

Silica '092 


1000-72 


Digitized  by 


Google 


60  D.  Eirkwood — Origin  of  Comets.  .     . 


Abt.  VllL — Note  on  the  origin  of  Comets ;  by  Daniel 

KiRKWOOD. 

Have  comets  oriffinated  in  the  solar  system,  or  do  they  enter 
it  from  without?  This  question  has  been  considered  by  La- 
place, Proctor,  H.  A.  Newton,  and  others.  The  last  named 
presents  arguments  of  no  little  weight  in  favor  of  their  origin 
in  inter-stellar  space.^  To  these  arguments  I  shall  attempt  no 
reply.  On  the  contrary,  I  have  been  disposed  to  accept  them 
as,  in  the  main,  valid.  For  certain  comets  of  short  period, 
however,  various  facts  seem  to  indicate  an  origin  within  the 
system. 

(1.)  According  to  M.  Lehmann-Filhfes  the  eccentricity  of 
the  third  comet  of  1884:,  before  its  last  close  approach  to 
Jupiter,  was  only  0'2787.t  This  is  exceeded  by  that  of  twelve 
known  minor  planets.  Its  period  before  this  great  perturbation 
was  about  3619  days,  and  its  mean  distance  4-611.  It  was  then 
an  asteroid,  too  remote  to  be  seen,  even  in  perihelion.  Its  pe- 
riod was  very  nearly  commensurable  with  that  of  Jupiter ;  six 
of  the  one  being  very  nearly  equal  to  five  of  the  other.  Ac- 
cording to  Hind  and  Krueger  the  great  transformation  of  its 
orbit  by  Jupiter's  influence  occurred  in  May,  1876.  Its  pres- 
entperiod  is  about  6i  years.  It  was  discovered  by  M.  v¥"olf 
at  Heidelberg,  September  17,  1884  Its  history  indicates  an 
origin  in  the  zone  of  asteroids. 

(2.)  The  second  comet  of  1867. — This  body  was  discovered  by 
M.  Tempel  on  the  third  of  April.  Its  perihelion  distance  is 
2*073 ;  its  aphelion  4*8973;  so  that  its  entire  path,  like  those  of 
the  asteroids,  is  included  between  the  orbits  of  Mars  and 
Jupiter.  The  eccentricity  of  this  comet  at  its  successive  re- 
turns has  been  as  follows : 

Date  of  Return.  Eccentricity. 

1867  ....  0-6092 

1873  .  .  .  .  0-4626 

1879         ....  0-4624 

188ii         .         .         .         .  0-4051 

The  last  is  nearly  identical  with  the  eccentricity  of  -^thra, 
the  132d  "asteroid,  (0-38.)  The  period,  inclination,  and  longi- 
tude of  the  ascending  node  are  approximately  the  same  with 
those  of  Sylvia,  "the  87th  minor  planet. 

This  comet  may  be  regarded  as  an  asteroid  whose  elements 
have  l)een  considerably  modified  by  perturbation. 

Other  comets  furnish  suggestive  facts  which. b^ar  upon  the 
same  question ;  but  their  discussion  must  await  the  develop- 
ment of  additional  data. 

*  ThiftJourn.,  Sept.  1878.  f  Annuaire,  1886. 
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Art.  IX. — Tht  Bichromate  of  Soda  Cell;  by  Selwyn  Lfiwis 

Harding. 

In  view  of  the  recent  claims  of  superiority  of  bichromate  of 
soda  as  a  depolarizing  agent  over  its  companion  salt,  bichro- 
mate of  potash,  I  have  made  a  series  of  comparative  tests  of 
the  two  salts,  the  results  of  which  are  contained  in  the  follow- 
ing paper  : 

The  points  to  be  examined  were  the  relative  constancy  or 
powers  of  endurance,  the  electromotive  force,  and  the  resist- 
ance of  the  two  batteries. 

The  cells,  in  every  case,  were  set  up  in  the  manner  known  as 
the  Bunsen  battery,  namely,  dilute  sulphuric  acid  and  zinc 
oatside,  bichromate  solution  and  carbon  inside,  the  porous 
cup.  The  proportions  used  were  those  given  by  the  chemical 
reactions  which  take  place  within  the  cells;  these  are: 

Na.Cr,0,  +  4H,S0,  +  6H=Na.Cr,(S0  J,  +  7H.0  (A) 

and  similarly 

K.Cr.O,  -f  4H.S0,  +  6H=K.Cr,  (SO  J, + 7H,0,  (B) 

giving,  from  (A) 

27  parts  of  Na  Cr.O, 
40  parts  of  H,SO, 
and  from  (B)  3  parts  of  K,Cr,0, 

4  parts  of   H,SO 

For  every  part  of  the  bichromate  of  soda,  seven  parts  of 
water  were  used,  and  for  every  part  of  the  bichromate  of  potash 
eight  parts  of  water.* 

The  liquid  surrounding  the  zinc  was  a  mixture  of  twelve 
parts  of  water  to  one  of  sulphuric  acid. 

Constancy, — To  answer  the  question  of  the  relative  merits  of 
the  two  bichromates  in  regard  to  their  constancy  or  powers 
of  depolarizing,  I  obtained  a  series  of  photographic  records  of 
cells  set  up  with  these  salts.  The  method  of  obtaining  these 
records  was,  in  brief,  the  substitution  of  a  sheet  of  sensitive 
paper— driven  by  clock- work  and  properly  protected  from  ex- 
traneous light — 'for  the  ground-glass  scale  of  the  ordinary  re- 
flecting galvanometer ;  the  place  of  the  zero  point  on  such  a 
scale  being  taken  by  a  base  line  traced  out  by  the  reflection 
from  a  fixed  mirror.f 

The  records  thus  obtained  give  a  history  of  the  current 
strength,  showing  its  fluctuations  and  gradual  weakening,  from 

*  The  result  of  later  work  indicates  that  a  much  less  quantity  of  water  would 
be  preferable  with  the  soda  salt, 
t  For  details,  this  Journal,  vol.  xxix,  p.  374,  May,  1886. 
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the  moment  of  making  until  breaking  circuit  By  transferring 
the  individual  records  taken  under  the  same  conditions  to  a 
sheet  of  coordinate  paper  and  referring  them  to  the  same  axes, 
their  relative  changes  from  time  to  time  are  readily  noted.  The 
accompanying  diagrams  show  ia  number  of  these  records.  Fig. 
1  illustrates  better  than  many  words  the  relative  value  of  the 
two  bichromate  cells,  at  least  as  far  as  their  constancy  is  con- 
cerned ;  it  gives  two  records  of  each  of  the  two  classes  of  cells, 
and,  for  the  sake  of  comparison,  a  record  of  a  Daniell's  cell. 
It  is  to  be  observed  that  in  Series  1  and  2  circuit  was  made  im- 
mediately after  setting  up  the  cells,  before  the  liquid  had  time 
to  diffuse  itself  through  the  pores  of  the  inner  cup.  The  in- 
creased resistance,  due  to  this  cause,  and  the  gradual  return  to 
the  normal  resistance  during  the  first  hour  are  plainly  recorded. 
The  following  table  gives  the  length  of  the  records  or  the  total 
number  of  hours  before  the  exhaustion  of  the  depolarizer: 

Dovhle  Liquid  Cells. 

Hours  before 

Depolarizer.                    External  resist.  exhaustion. 

Series  1 Bichr.  of  potash                 8  ohms  56^ 

Series  2 "         "      "                       8     "  66^ 

Series  3 Bichr.   of  soda                   8     "  78 

Series  4 "         "      "                      8     "  74f 

Series  6 Sulphate  of  copper  8     " 

During  the  first  24  to  80  hours  the  records  show  little  differ- 
ence in  the  working  of  the  two  classes  of  cells,  both  remaining 
comparatively  constant  and,  therefore,  giving  for  records  nearly 
straight  lines ;  though  it  must  be  understood  that  even  in  the 
case  of  the  most  constant  cells,  such,  for  instance,  as  the 
DanielPs  cell,  the  curves  are  never  absolutely  straight  lines  but 
rather  a  series  of  slight  but  numerous  fluctuations  about  the 
position  of  a  right  line.  These  fluctuations  are  far  more  marked 
auring  the  first  10  or  15  hours  than  later,  but  at  no  time  are 
they  entirely  absent.  Both  the  potash  and  the  soda  cells,  in 
the  above  series,  showed  signs  of  weakening  after  30  hours. 
This  weakening,  however,  proceeded  far  more  rapidly,  and, 
consequently,  exhaustion  was  reached  much  sooner  in  the 
former  class  of  cells  than  in  the  latter.  As  can  be  seen  from 
the  table,  the  soda  cells  ran  on  an  average  fully  20  hours,  or 
more  than  one- third,  longer  than  the  potash  cells. 

The  comparatively  short  life  of  the  depolarizing  liquids  in 
all  the  above  cases  was  due  to  the  small  resistance  in  circuit. 
As  a  proof  that  the  soda  cell  is  capable  of  long  continued 
action  on  a  larger  circuit,  I  need  only  cite  a  record  which 
lasted,  with  35  ohms  in  the  external  circuit,  over  200  hours 
without  showing  signs  of  exhaustion.     On  large  circuits  where 
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Fig.  1,  Double  liquid  cells;  2,  3,  SiDgle  liquid  cells;  Series  1,  2,  6,  8,  bichromate 
of  potaab ;  3,  4,  7,  9,  bicbromi^te  of  soda ;  5.  sulphate  of  copper,  Daoiell's. 
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either  the  expense  or  care  of  the  battery  is  an  element  to  be  con- 
sidered, the  superiority  of  the  soda  cell  would  be  especially  felt. 
In  the  case  of  the  single  liquid  bichromate  cells  also,  the 
superiority  of  the  sodium  salt  seems  to  be  maintained,  though 
it  IS  more  difficult  to  form  a  correct  judgment  from  the  records 
of  these  cells,  owing  in  part  to  the  greater  irregularity  of  suc- 
cessive records,  and  in  part  also  to  the  fact  that  the  greatest 
and  most  marked  fall  in  the  strength  of  the  current  occurs  dur- 
ing the  first  hours  of  the  records,  while  in  the  double  liquid 
cells  the  reverse  is  the  case,  the  most  rapid  fall  occurs  during 
the  last  hours  and  thereby  indicates  more  accurately  the  close 
of  the  record.  Figures  2  and  3  give  several  of  the  single  liquid 
records,  the  conditions  of  which  are  contained  in  the  following 
table: 

Single  Liquid  Cells, 

Hours  before 
Depolarizer.  External  resist.        exhaustion. 

Series  6 Bichr.  of  potash  8  ohms  29 

Series  7 Bichr.  of  soda  8  ohms  86 

Series  8 Bichr.  of  potash  35  ohms  67 

Series  9 Bichr.  of  soda  46  ohms  *J\^ 

Though  the  difference  in  the  number  of  hours  before  ex- 
haustion in  the  two  cells,  as  indicated  by  the  above  table,  is 
not  so  great  as  in  the  double  liquid  cells,  a  glance  at  the  records 
shows  that  the  weakening  of  the  current  in  the  case  of  the 
potash  cells  was  more  sudden,  and  that  it  took  place  earlier 
than  in  the  soda  cells,  so  that  the  average  strength  for  the 
whole  time  was  greater  in  the  latter  cells. 

An  interesting  question  arises  as  to  the  cause  of  the  greater 
power  of  the  bichromate  of  soda.  Both  the  bichromate  batter- 
ies belong  to  the  general  class  which  provides  oxygen  to  unite 
with  the  hydrogen  set  free  at  the  negative  electrode.  The 
question,  therefore,  resolves  itself  into  this:  which  salt  can 
provide  the  greater  amount  of  oxygen  to  unite  with  the  hydro- 
gen ?  Now  our  chemical  reactions  for  the  two  salts  are  exactly 
similar,  chromic  acid  being  given  off  in  both  cases,  as  can  be 
seen  by  writing  out  the  intermediate  reactions  of  (A)  and  (B). 
Thus: 

(A)    (1)  Na,Cr,0,+H,SO,=Na,SO,  +  2Cr0.4-H,0 

(2)  2CrO,4-6H=Cr,0,  +  3H,0 

(3)  Cr,0,  +  3H,SO,=Cr,(SOJ.  +  3H,0 

(4)  Cr,(SOJ.  +  Na,SO,=Na,Cr,(SOJ, 

and  a  similar  set  for  (B). 

That  salt,  therefore,  which  can  for  a  given  weight  of  the 
solution  furnish  the  most  chromic  acid  will  prove  to  be  the 
superior.     The  solubilities  of  the  two  salts  are  as  follows :  at 
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15°  C.  100  parts  of  water  dissolve  12*5  parts  of  the  bichromate 
of  potash,  and  83'16  parts  of  the  anhydrous  bichromate  of  soda. 
The  available  oxygen,  therefore,  in  a  given  amount,  for  instance, 
a  litre  of  the  solution,  is  nearly  five  times  as  great  for  the  soda 
salt  as  for  the  potash.  This  explanation,  it  seems  to  me,  will 
go  far  toward  accounting  for  tne  superior  constancy  of  the 
soda  cell. 

In  the  appended  table  are  contained  the  above  results,  and 
others  computed  with  a  view  of  comparing  the  two  bichromates 
with  other  depolarizing  agents  of  the  same  general  class.  The 
first  column  gives  the  per  cent  of  oxygen  in  one  molecule 
of  each  of  the  tabulated  substances  which  is  available  for 
combination  with  the  hydrogen  set  free ;  thus,  in  bichromate 
of  potash,  three,  atoms  of  oxygen,  or  '1629  of  the  total  weight, 
are  available.  The  third  column  gives  the  cost  of  obtaining  a 
kilogram  of  oxygen  from  each  of  the  oxydizers.  In  these  col- 
umns the  fact  that  the  bichromate  of  soda  is  hydrous  increases 
the  total  molecular  weight,  and  thereby  lowers  the  per  cent  of 
available  oxygen.  In  the  last  column  is  contained  the  amount 
of  available  oxygen  in  a  saturated  solution  of  each  of  the 
soluble  depolarizers.  As  is  seen  from  the  table,  bichromate  of 
soda  stands  far  ahead  of  the  others  in  the  last  respect,  giving 
8*52  per  cent  of  available  oxygen  from  a  saturated  solution  of 
the  salt : 


Per  cent  of 

Per  cent  of 

Number  ol 

Cost  of 

SoIubilltT : 
100  parts  HflO 

available 

available  oxy 

•  klloKramsto 

produce  one 

kilo  of  oxy  if  en. 

producing 

oxygen  In  a 

gen  Id  one 

1  kilo  ol 

dissolve  at 

saturated 

molecule. 

oxygen. 

15°  centigrade, 

solution. 

Bichromate  of  potash,       -1629 

6-138 

$2-03 

12-5 
j  anhydrous  / 
\     83-16     f 

.01808 

Bichromate  of  soda,            160 

6-25 

1-65 

•0852 

Peroxide  of  maDganese,     -092 

10-87 

1-92 

iDsoluble. 

Permanganate  of  potash,  -253 

3-56 

3-34 

6-25 

•0142 

Nitric  acid,  C.  P.,                '254 

3-93 

269 

From  this  table  it  is  seen  that  the  bichromate  of  soda  com- 
pares very  favorably  with  the  other  depolarizers  in  all  those 
respects  which  are  essential  for  a  good  battery.  The  great 
solubility  and  large  amount  of  available  oxygen  Indicate  great 
po^ibilities  for  this  salt. 

This  table  might  be  much  extended,  but,  owing  to  the  com- 
plicated nature  of  the  chemical  actions  which  take  place  in 
many  batteries,  our  knowledge  in  this  direction  is  very  limited 
and  consequently  we  cannot  proceed  far. 

Electro-motive  force. 

The  electro-motive  force  of  the  soda  cell  I  obtained  by  the 
open-circuit  method  of  comparison,  by  means  of  an  electro- 
meter, with  a^standard  (Daniell's  siphon)  battery.    With  one 

Am.  Joub.  Sol— Third  Sbeibs,  Vol.  XXXIII,  No.  193.— Januabt,  1887. 
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cell  of  this  battery  as  the  unit,  the  electro-motive  force  of  the 
soda  cells  tested  was  as  follows : 

1-887  volts. 

1-884 

1-908 


Average 1-893 

The  electromotive  force  of  the  potash  cell  in  the  same  way 
was  found  to  be  1*852,  while  that  of  the  ordinary  DanielFs  cell 
— 12  parts  of  water  to  one  of  sulphuric  acid. — was  1*069  volts. 

Resistance. 

Lodge's  method,*  a  modification  of  Mance's  method,  was 
used  in  determining  the  resistance  of  the  cells;  a  condenser,  in 
some  cases  of  one-third  of  a  microfarad,  and,  in  others,  of  a 
little  over  a  microfarad  in  capacity,  being  used.  For  the  soda 
cell,  the  resistance  was  found  to  be: 

-494  ohms. 
-604 
•496 
-494 


Average -4967 

Likewise  for  the  potash  cell,  •468  ohms  was  the  resistance. 
The  resistances  of  both  cells  could  undoubtedly,  if  occasion 
should  demand  it,  be  reduced. 

From  the  foregoing  it  is  seen  that  the  bichromate  of  soda 
cell  is  a  most  efficient  cell ;  its  effectiveness,  however,  could 
be  materially  increased,  I  believe — at  least,  as  far  as  its  con- 
stancy is  concerned — by  interchanging  the  positions  of  the 
electrodes  with  their  surrounding  liquids,  after  the  fashion  of 
the  Fuller  cell ;  that  is,  placing  the  zinc  and  sulphuric  acid 
inside  the  porous  cup,  and  the  carbon,  with  a  much  increased 
quantity  of  the  depolarizing  mixture,  outside  the  cup. 
JefEerson  Phy^cal  Laboratory,  Harvard  University,  June,  1886. 

*See  Phil.  Mag.  Supplement,  June,  1877,  p.  515. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

I.  On  a  new  Universal  chemical  Spectroscope. — A  new  form 
of  apectroscope  has  been  devised  by  G.  Kriiss,  which  is  well 
adapted  for  the  work  of  the  chemical  laboratory,  both  qualitative 
and  quantitative.*  Its  fundamental  form  is  that  of  the  Bunsen 
and  Kirchhoff  instrument;  but  a  variety  of  modifications  and 
additions  have  been  made,  to  render  it  available  as  a  universal 
spectroscope.  An  upright  pillar  supports  a  table  on  which  rests 
the  prism,  and  which  carries  the  observing,  coUimating  and  scale- 
telescopes.  The  coUimating  telescope  has  no  draw-tube.  It  is 
provided  with  two  slit-plates,  one  of  which  carries  the  ordinary 
single  slit  for  qualitative  purposes,  the  other  the  double  slit  of 
Vierordt  for  quantitative  work.  These  slits  are  strictly  parallel 
to  the  axis  of  the  pfism  and  are  opened  and  closed  symmetrically 
on  the  two  sides  of  this  axis,  by  micrometer  screws,  whereby  the 
width  of  the  slit  may  be  determined.  The  knife  edges  of  these 
slits  are  made  of  platinum  and  are  so  accurately  worked  that  no 
horizontal  lines  appear  in  the  spectrum  even  when  the  slit  is  open 
by  only  on^  or  two  divisions  of  the  micrometer-head  (0*002  to 
0004™".)  Two  prisms  are  provided  ;  one  a  simple  flint  prism  of 
60**  of  a  dispersion  of  4°  18'  between  A  and  H,,  the  other  a  so- 
called  Rutherfurd  prism,  having  a  dispersion  of  8°  2'  between  the 
same  limits.  By  an  automatic  device  the  prism  is  kept  at  the 
angle  of  minimum  deviation  for  the  part  of  the  spectrum  under 
observation.  The  scale  is  fixed  in  its  telescope  so  that  it  is  in  the 
principal  focus  of  the  object  glass  and  so  that  its  100th  division 
comes  midway  between  the  £>  lines.  The  observing  telescope 
magnifies  about  seven  diameters.  By  means  of  a  micrometer 
screw  with  a  divided  head,  it  is  moved  m  a  horizontal  plane  about 
the  vertical  axis  of  the  instrument,  the  amount  of  motion  being 
measured  by  an  index  moving  over  a  graduated  arc  upon  the  end 
of  the  fixed  arm  carrying  the  telescope.  The  value  of  the  divis- 
ions on  the  micrometer  head  in  terms  of  the  graduations  upon  the 
a»c,  and  the  value  of  these  in  terras  of  the  scale  divisions,  are 
eaaily  determined.  Moreover,  this  telescope  has  a  micrometer 
eyepiece ;  so  that  spectrum  measurements  may  be  made  between 
two  colors  whose  wave-lengths  difl^er  by  only  0*000  000  000  015 
millimeter.  The  slide  which  carries  the  cross  wires  of  this 
micrometer  carries  also  the  Vierordt  slit,  whose  width  is  adjusta- 
ble by  the  same  screw  that  moves  these  cross  wires.  The  author 
thinks  that  the  results  obtained  by  this  instrument  when  used  as 
a  spectrophotometer,  are  fully  equal  to  those  obtainable  with 
polarizing  instruments. — Ber.  JBerl.  Chem.  Oes.^  xix,  2739-2745, 
November,  1885.  g.  p.  b. 

♦  Constructed  by  A,  KrftsB  of  Hamburg. 
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2.  On  the  J)ecompi)sitinn  of  Glass  by  Capillary  water-layers 
containing  Carbonic  acid, — Two  years  ago,  Bunsen  published 
the  results  of  some  experiments  which  he  had  made  on  the  con- 
densation of  carbon  dioxide  gas  upon  the  surface  of  glass  {^Ann, 
Phys,  Chem,^  xx,  545).  His  results  showed  that  in  three  years 
5*135  c.  c.  of  this  gas  were  condensed  upon  each  square  meter. 
Kayser  subsequently  repeated  the  experiment  in  a  different  form 
and  obtained  different  results  ;  whereupon  Bunsen  reexamined 
the  subject  and  showed  that  his  glass  fibers  were  not  perfectly 
dry,  and  that  a  part  of  the  observed  absorption  was  due  to  this 
capillary  water-layer.  On  taking  the  apparatus  down,  Bunsen 
analyzed  the  glass  fibers  on  which  the  action  had  taken  place. 
Under  ordinary  conditions  carbon  dioxide  does  not  attack  glass, 
but  it  is  quite  possible  that  so  concentrated  a  solution  of  carbonic 
acid  as  existed  in  these  capillary  layers,  might  have  some  action. 
The  analysis  showed  not  only  that  the  jflass  had  been  acted  on, 
but  that  this  action  had  been  unexpectedly  great.  A  weight  of 
49*543  grams  of  glass  fiber  gave  to  cold  water  sufficient  sodium 
carbonate  to  yield  on  the  addition  of  hydrochloric  acid  and  evap- 
oration, 0*8645  gram  sodium  chloride.  From  the  composition  of 
this  glass,  determined  before  the  experiment,  it  appears  that  during 
the  course  of  the  observations — 109  days — 5*83  per  cent  of  the 
entire  weight  of  the  glass  must  have  been  thus  decomposed.  The 
suggestion  is  an  obvious  one  that  possibly  all  the  absorption, 
which  Bunsen  observed,  might  have  been  due  to  the  formation  in 
this  way  of  sodium  carbonate.  But  he  shows  that  of  the  total 
volume  of  gas  absorbed  by  the  entire  mass  of  glass,  236*9  cuV>ic 
millimeters  are  set  free  again  on  heating.  If  combined  as  hydro- 
sodium  carbonate,  the  quantity  of  sodium  found  on  analysis  would 
require  only  165*2  cubic  millimeters,  leaving  71*7  cubic  milli- 
meters to  be  otherwise  disposed  of.  In  view  of  the  fact  that  pure 
water  may  also  be  expected  to  act  on  the  substance  of  the  glass, 
it  is  evident  that  glass  is  not  a  suitable  material  for  experiments 
on  capillary  absorption. — Ai^n.  Phys,  Chem.,  II,  xxix,  161  ;  Ber. 
BerL  Chem.  Ges.,  xix,  729,  {Ref,)  November,  1886.        g.  f.  b. 

3.  On  the  Properties  and  Constants  of  Germanium, — Wink- 
ler has  cpmmunicated  some  additional  facts  concerning  his  new 
metal,  germanium.  When  obtained,  either  by  reducing  the  oxide 
in  a  current  of  hydrogen  or  by  gently  igniting  a  mixture  of  the 
oxide  and  starch,  and  then  fusmg  the  gray  powder  under  borax, 
the  metal  appears  of  a  grayish-white  color,  having  a  brilliant 
metallic  luster  and  crystallizing  in  well  formed  regular  octahe- 
drons. It  melts  at  a  somewhat  lower  temperature  than  silver, 
900^,  and  volatilizes  at  a  slightly  higher  one  than  this.  It  ex- 
pands on  solidifying,  and  crystallizes.  Its  specific  gravity  is 
5*469  at  20*4°.  Before  the  blowpipe  it  fuses  to  a  globule  which 
evolves  white  fumes  and  explodes,  as  does  antimony.  It  is  in- 
soluble in  hydrochloric  acid,  soluble  in  aqua  regia,  and  is  con- 
verted by  nitric  acid  into  the  white  oxide  with  evolution  of  nitro- 
gen  dioxide.     Concentrated    sulphuric   acid   converts   it  into  a 
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sulphate  soluble  in  water,  with  evolution  of  sulphurous  oxide.  It 
is  not  attacked  by  potassium  hydrate.  Its  atomic  weight, 
estinfiated  by  titeririg  the  chlorine  contained  in  the  tetrachloride, 
by  the  method  of  Volhard,  was  found  to  be  72*32  as  a  mean  of 
four  experiments.  (Jjecoq  de  Boisbaudran,  it  will  be  remembered, 
calculated  the  atomic  weight  from  the  two  characteristic  lines  in 
its  spectrum,  A=468  and  A=422-6,  and  found  it  to  be  72-31  and 
72-27,  by  two  different  methods,  ((7.  i?.,  cii,  1291)).  The  position 
of  germanium  is  that  of  the  ekasilicium  in  Mendelejeff^s  table,  for 
which  he  predicted  an  atomic  weight  of  72  and  a  specific  gravity 
of  5-5.  Its  specific  heat  as  determined  by  Nilson  and  Peterson, 
is  at  100°,  0-0737  ;  at  211°,  0-0772  ;  at  301-5*,  0-0768 ;  and  at  440° 
0-0757 ;  the  corresponding  atomic  heats  being  5-33,  5-58,  6-5o  and 
5-47  respectively.  These  temperatures  are  the  boiling  points  of 
water,  nitrobenzene^  diphenylamine  and  sulphur.  The  specific 
heat  of  the  dioxide  is  0-1293  between  0°  and  100°.  The  vapor 
density  of  GeCl^  is  7*43  and  that  of  the  iodide  20*43.  Its  spark 
spectrum  shows  one  line  in  the  orange,  one  in  the  yellow,  four  in 
the  violet  and  twelve  in  the  green  and  blue.  Its  compounds  are 
characterized  by  their  solubility  and  volatility,  but  they  do  not 
color  the  Bunsen  flame.  Two  oxides,  GeO  and  GeO,  are  de- 
scribed, and  the  corresponding  sulphides  and  chlorides.  Also 
Gel^.  The  best  test  for  germanium  is  the  precipitation  of  the 
white  sulphide  GeS  upon  the  addition  of  mineral  acids  in  excess 
to  its  solution  in  alkaline  sulphides.  This  separation  is  so  com- 
plete that  it  may  be  used  quantitatively.  For  this  purpose,  the 
alkaline  solution  of  germanium  is  mixed  with  ammonium  sulphide, 
precipitated  with  dilute  sulphuric  acid  in  excess  and  saturated 
with  hydrogen  sulphide.  After  12  hours  standing,  it  is  filtered 
off  and  washed,  the  precipitate  is  washed  from  the  filter  and  ex- 
tracted with  ammonia.  Ihe  ammoniacal  solution,  with  the  wash 
water  are  evaporated  to  dryness  in  a  weighed  porcelain  dish,  the 
main  precipitate  moistened  with  sulphuric  acid  added  thereto  and 
the  excess  of  acid  evaporated.  After  ignition  the  residue  is 
treated  with  nitric  acid,  again  ignited,  digested  with  ammonia  to 
remove  the  last  trace  of  sulphuric  acid,  and  the  strongly  ignited 
oxide  weighed.  To  separate  this  metal  from  tin,  arsenic  and  anti- 
mony, the  author  dilutes  the  solution  to  a  definite  volume,  boils  a 
measured  portion  with  excess  of  normal  sulphuric  acid  and  deter- 
mines by  titering  back  the  excess  of  acid  required  to  exactly 
neutralize  the  entire  solution.  This  amount  is  then  added,  the 
solution  allowed  to  stand  12  hours,  the  precipitated  sulphides  are 
filtered  off,  the  filtrate  is  evaporated  to  a  considerably  smaller 
volume,  treated  with  ammonia  and  ammonium  sulphide  and  pre- 
cipitated by  the  addition  of  an  excess  of  sulphuric  acid  and  the 
passage  of  a  current  of  hydrogen   sulphide.     This   precipitates 

fermanium  sulphide  pure.  Argyrodite,  in  which  this  element  was 
iscovered  contains  Ag  74-72,  Ge  6-93,  S  .17*13,  Fe  0*66,  Zn  0-22 
aud  Hg  0-31  per  cent.  It  is  a  sulpho  salt  of  the  formula  (Ag^S), 
GeS,.— «;:  pr.  Ch,,  II,  xxxiv,  177-229;  Ber.  BerL  Chem.  Ges., 
xix,  652  (Ref.)  Nov.  1886.  o.  f.  b. 
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4.  On  the  distinction  between  special  lines  of  Solar  and  Ter- 
restrial origin, — ^In  a  comroanication  to  the  Physical  Society, 
London,  Jane  12,  1886,  Profesflor  M.  A,  Cornu  calls  attention  to 
a  method  which  allows  one  to  distinguish  instantly  between  solar 
lines  and  those  due  to  the  earth's  atmosphere  in  the  solar  spec- 
trum. This  method  is  based  upon  a  principle  due  to  M.  Fizeau, 
(Ann.  de  Chim.  et  de  Phys.,  4  s6rie,  t.  xix,  p.  211),  that  of  the  dis- 
placement of  the  spectral  lines  emitted  by  a  source  which  is  in 
absolute  or  relative  motion.     Professor  Cornu  shows  that  we  shall 

have  a  variation  of  wave  length  equal  to  ± ,  +  or  —  ac- 

cording  as  we  take  the  same  radiation  at  the  eastern  or  western 
end  of  the  solar  equator,  estimating  the  displacement  in  reference 
to  the  two  D  lines.  It  is  found  that  the  double  displacement 
amounts  to  ^J.y  of  the  distance  between  the  two  D  lines.  This 
displacement  can  be  readily  measured  by  the  use  of  Thollon's 
prisms  or  Rowland's  gratings.  The  experimental  method  con- 
sists in  causing  the  image  of  the  two  extremities  of  the  solar 
equator  to  fall  alternately  on  the  slit  of  the  spectroscope.  To 
effect  this  the  beam  of  light  passes  through  a  condensing  lens 
which  produces  in  the  plane  of  the  slit  a  sharp  image  of  the  solar 
disk.  A  displacement  of  the  lines  of  the  spectrum  due  to  the  sun 
alone  is  produced  by  substituting  one  limb  of  the  sun  for  the 
other,  while  the  positions  of  the  telluric  lines  are  unaltered.  Pro- 
fessor Cornu  gives  in  detail  the  precautions  which  must  be  taken 
in  the  .comparison.  By  causing  the  collecting  lens  to  oscillate 
two  or  three  times  a  second,  the  displacement  becomes  more  evi- 
dent. The  distinguishing  of  the  lines  is  then  easily  accomplished. 
If  the  line  remains  immovable  under  this  shaking  process  it  is  one 
belonging  to  the  earth's  atmosphere,  if  it  oscillates  it  is  a  solar 
line.  Professor  Cornu  gives  a  map  of  AngstrOm's  group.  He 
indicates  the  telluric  nature  of  a  certain  number  of  lines  beyond 
the  band  8,  and  shows  that  the  line  1474  of  Kirchhoff  is  a  solar 
one.  Since  it  oscillates  we  may  conclude  that  the  vapor  which 
absorbs  the  radiations  of  which  it  takes  the  place  is  carried  round 
by  the  rotation  of  the  sun,  and  he  shows  that  physicists  and 
astronomers  have  now  a  method  which  will  enable  them  to  tell  at 
a  glance  whether  a  spectral  line  belongs  to  the  sun  or  the  earth. 
— Phil  Mag, J  Nov.  1886,  p.  458.  j.  t. 

5.  New  form  of  Galvanometer, — In  Wied.  Ann.,  xxiii,  p.  677, 
1884,  Herr  Rosenthal  described  a  very  sensitive  galvanometer, 
in  which  the  poles  of  the  suspended  magnet  were  brought  very 
near  the  coils.  Hr.  J.  Kollert  has  constructed  a  similar  instru- 
ment which  is  more  sensitive  than  that  of  Rosenthal.  It  consists 
of  four  coils  whose  axes  all  lie  in  the  same  horizontal  plane ;  and 
the  coils  are  placed  radially  in  this  plane.  The  magnets  are 
made  out  of  very  thin  watch  spring  in  the  form  of  arcs  of  a  cir- 
cle. Two  such  arcs  are  placed  at  the  extremity  of  a  straight  arm 
which  is  suspended  horizontally  from  its  middle  point.  The  ends 
of  the  magnets  can  thus  pass  into  the  centers  of  the  radial  coils. 
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A  current  of  -OC^pjOOOjOOl  A,  gives  a  deflection  with  suitable  dis- 
tance of  reading  telescope  of  0*7  of  a  scale  division. — Ann.  der 
Physik  und  Chemiey  No.  11,  1886,  p.  491.  j.  t* 

6.  Metallic  deposits  formed  by  eleqtrical  discharges, — Pro- 
fessor Wright  of  Yale  College  described  an  this  Journal,  vols,  xiii 
aD<l  xiv,  1877,  a  method  of  obtaining. very  thin  deposits  of  metals 
by  electrical  discharges  in  rarefied  air.  The  subject  has  been 
taken  up  anew  by  Hr.  Bernard  Dessau,  who  investigates  the  inter- 
ference phenomena  produced  by  such  thin  layers.  Generally 
these  layers  are  thicker  directly  opposite  the  electrode  from  which 
the  metallic  particles  are  thrown  off.  Hence  a  cone  is  formed  of 
a  very  small  altitude.  The  deposits  showed  in  reflected  light 
colored  interference  rings.  The  dispersion  in  the  metals  platinum, 
iron,  nickel  and  silver,  the  author  calls  normal,  and  that  with  gold 
and  copper  abnormal.  The  cross  of  double  refraction  was  also 
noticed  in  reflected  light. — Ann,  der  Physik  und  Cheniie,  No. 
lU  1886,  pp.  363-376.  '  J.  T. 

7.  Electricity  arising  from  the  condensation  of  vapor.  —  It 
has  been  maintained  by  Palmieri  and  others  that  the  condensation 
of  vapor  results  in  the  production  of  an  electrical  charge.  Hr. 
S.  Kalischer  has  renewed  his  investigations  upon  this  point  and 
believes  that  he  has  proved  that  no  electricity  results  from  such 
condensation.  Atmospheric  vapor  was  condensed  upon  a  vessel 
coated  with  tin  foil,  hlled  with  ice,  carefully  insulated  and  con- 
nected with  a  very  sensitive  electrometer.  No  evidence  could  be 
obtained  of  electricity. — Ann.  der  Physik  und  Chemie^  No.  11, 
1886,  p.  407.  J.  T. 

II.  Geology  and  Mineralogy. 

1.  The  Charleston  Earthquake, — The  earthquake  which  oc- 
curred in  the  southeastern  United  States  on  the  evening  of  Aug. 
3),  18S6,  and  which  will  doubtless  always  be  known  as  the 
Charleston  Earthquake  because  of  the  great  destruction  caused 
by  it  in  that  city,  is  being  made  the  subject  of  careful  study  by 
the  seismologists  of  America,  and  there  is  good  hope  that  valuable 
results  for  the  future  of  seismology  may  issue  from  their  work. 
Rarely  if  ever  has  a  better  opportunity  lor  study  been  presented. 
The  primary  shock  was  of  sufficient  intensity  to  destroy  many 
buildings  in  Charleston  and  vicinity  and  was  felt  over  a  land  area 
of  nearly  8004)00  square  miles,  extending  from  the  great  lakes  to 
the  gulf  and  from  beyond  the  Mississippi  to  the  Atlantic,  being 
felt  also  very  slightly  in  the  Bei-mudas  and  in  Cuba.  This  large 
area  is  covered  with  a  network  of  telegraph  lines  whose  offices 
were  ready  at  once  to  collect  and  communicate  the  news  of  the 
shock;  and  the  standard  time  is  very  generally  in  use,  so  that  the 
records  of  time  give  fair  promise  of  accuracy  and  are  readily 
comparable.  Our  country  is  also  supplied  with  active  newspapers 
which  put  on  record  with  care  and  in  full  detail  the  phenomena 
of  the  shock. 

To  these  general  means  of  information  are  to  be  added  othei-s 
set  in  operation  for  this  special  occasion.     Major  Powell,  the  Di- 
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rector  of  the  United  States  Geological  Survey,  promptly  took  up 
the  matter  and  sent  W.  J.  McGee,  a  geologist  of  the  Survey,  to 
personally  examine  the  ground.  At  the  request  of  the  Survey 
the  United  States  Signal  Service  also  sent  Professor  T.  C.  Men- 
denhall,  of  their  corps,  a  former  resident  of  Japan  and  a  member 
of  the  Seismological  Society  there.  These  observers  spent  a  week 
in  the  vicinity  of  Charleston,  and  brought  back  many  valuable 
data,  besides  a  series  of  photographs  of  injured  buildings  and 
displaced  monuments.  A  competent  person  was  also  left  on  the 
ground  to  continue  their  observations. 

A  series  of  questions  was  promptly  distributed  throusrh  the 
public  press  and  by  special  circular,  and  the  personal  letters 
received  by  the  Geological  Survey  in  reply  already  number  sev- 
eral hundred  and  are  still  receiving  additions.  The  Signal  Service, 
through  its  observers,  has  a  large  amount  of  information  which 
is  also  open  to  the  Survey,  while  the  other  departments  of  the 
government,  as  the  Hydrographic  OflSce,  the  Light  House  Board, 
etc.,  have  each  contributed  whatever  information  was  in  their 
hands. 

It  will  be  seen  therefore  that  the  mass  of  information  in  regard 
to  the  Charleston  Earthquake  which  is  accumulating  in  the  hand 
of  the  Geological  Survey,  both  in  amount,  in  careful  detail,  in 
number  of  contributor  and  in  area  covered,  is  likely  to  far  surpass 
that  gathered  in  respect  to  any  previously  studied  eaithquake.  Of 
course  in  such  a  mass  of  material,  coming  from  all  sorts  of  per- 
sons, much  is  included  that  has  little  scientific  value ;  but  there 
are  also  many  careful  reports  from  competent  scientific  observers, 
and  the  results  should  be  as  good  as  can  ordinarily  be  obtained 
from  non-instrumental  observations.  Indeed  the  one  thing  to  be 
regretted  is,  that  the  Earthquake  Commission  had  not  yet  per- 
fected their  plans  for  establishing  a  series  of  seismoscopes ; 
although  it  is  doubtful  if  the  area  selected  for  them  would  have 
included  the  southern  Atlantic  States  even  if  they  had  been  ready 
for  use. 

It  will  be  evident,  from  what  has  been  said,  that  much  time  and 
labor  are  needed  to  sift  from  such  a  collection  what  is  authentic 
and  valuable  and  to  collate  and  compare  the  records  so  obtained, 
before  any  attempt  can  be  made  to  formulate  results.  On  this 
work  the  Geological  Survey  is  now  engaged,  certain  of  its  mem- 
bers having  occupied  nearly  all  their  time  for  the  past  three 
months  in  the  clerical  labor  involved,  but  it  will  still  take  months 
of  steady  labor  before  the  final  results  will  be  ready  for  publica- 
tion. 

Meantime  some  things  have  appeared  in  print  which  deserve 
mention  here,* although  their  full  discussion  must  be  reserved  for 
another  time.  In  Science,  No.  188,  Sept.  10,  1 886,  a  map  of  co- 
seismals, or  lines  of  equal  times,  was  published  as  prepared  by 
Everett  Hayden  of  the  Geological  Survey,  which  however  can 
only  be  regarded  as  a  first  rough  approximation.  In  the  U.  S. 
Monthly  Weather  Review  for  August,  1886,  issued  in  October, 
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the  data  in  the  hands  of  the  Signal  Service  are  summarized  by 
Professor  Mendenhall  in  a  brief  report,  accompanied  by  a  map  of 
IsoseismalSy  or  lines  of  equal  intensity,  which  show  some  curious 
deviations  from  uniformity.  Science  No.  199,  Nov.  20,  1886,  also 
contains  a  map  of  isoseismals  and  coseismals  prepared  for  the 
Philosophical  Society  of  Washington,  bv  Edward  Hayden,  from 
data,  mostlv  correspondence,  in  the  han^s  of  the  Geological  Sur- 
vey up  to  October  23.  The  isoseismals  of  this  map  are  consider- 
ably more  irregular  than  those  given  by  Mendenhall,  although 
the  two  maps  agree  in  the  general  form  of  the  curves.  They 
suggest  some  interesting  relations  with  the  geology  of  the 
country  which  it  is  yet  too  early  to  enlarge  upon.  They  indicate 
however  a  focus  or  epicentrum  lying  somewhat  north  of  Charles- 
ton. During  September,  Science  also  published  copies  from  some 
of  the  photographs  brought  home  by  McGee. 

^he  earthquake  did  not  consist  of  a  single  isolated  shock,  but 
the  gntat  shock  of  August  31  was  preceded  by  perceptible 
tremoi-8  on  the  27th  and  28th  and  has  been  followed  by  almost 
daily  shocks,  mostly  of  minor  intensity,  even  up  to  the  date  of 
this  wnting,  one  being  reported  in  to-day's  paper.  c.  g.  k. 

Princeton,  N.  J.,  Nov.  30,  1886. 

2.  NatardUy  Reduced  Iron  ;  by  J.  B.  Ttrbbll,  of  the  Geo- 
logical Survey  of  Canada.  (Communicated  to  this  Journal). — 
On  the  North  Saskatchewan  River,  about  seventy  miles  above 
the  town  of  Edmonton,  in  the  district  of  Alberta,  in  rocks  of 
Laramie  age,  an  almost  horizontal  bed  of  lignite  may  be  seen 
cropping  out  at  intervals  in  the  river-bank  for  several  miles,  over- 
laid by  dark  gray  clay-shales  and  gray  and  yellow  soft  argillaceous 
sandstones  containing  nodules  of  clay  ironstone.  Although  none 
of  the  nodules  from  this  particular  locality  have  been  analyzed, 
similar  ones  from  Edmonton,  obtained  from  beds  of  the  same 
formation,  were  found  to  be  essentially  carbonates  of  iron  contain- 
ing 34*98  per  cent  of  the  metallic  iron. 

The  seam  of  lignite  has  been  completely  burned  out  over  a  con- 
siderable area,  leaving  the  surface  covered  with  a  bed  of  debris  of 
ashes,  clinkers  and  burnt  clay,  in  places  to  a  thickness  of  twenty 
feet,  suppoiting  at  present  a  thick  growth  of  grass  and  under- 
brush. From  this  mass  of  burnt  clay  and  cinders  pieces  of 
metallic  iron  can  be  readily  picked  out,  weighing,  in  some  cases,  as 
niuch  as  fifteen  or  twenty  pounds,  doubtless  derived  from  the 
nodules  of  ironstone  mentioned  above,  which  had  been  reduced  to 
the  metallic  state  by  the  heat  caused  by  the  burning  of  so  large  a 
body  of  lignite. 

Most  of  the  pieces  of  iron  observed  were  very  much  rusted  and 
fell  to  pieces  readily  on  being  struck  with  the  hammer,  though 
when  scratched  with  a  file  they  everywhere  showed  a  bright 
surface. 

Ottawa,  Dec.  11th,  1886. 

3.  A  Partial  Report  of  the  Geology  of  Western  Texas ;  con- 
sisting of  a  general  geological  report,  and  a  journal  of  geologi- 
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cal  observations  along  the  routes  traveled  by  the  expedition  be- 
tween Indianola,  Texas,  and  the  Valley  of  the  Mirabres,  New 
Mexico,  during  the  years  1856  and  1856  :  with  an  appendix  giv- 
ing a  detailed  report  of  the  geology  of  Grayson  County,  Texas ; 
by  Professor  G.  G.  Shumabd,  Assistant  State  Geologist  of  Texas 
(1858-1860.)  Austin, Texas:  State  Printing  Office,  1886.  .  Pub- 
lished and  edited  by  H.  P.  Bee,  Commissioner  of  Insurance,  Sta- 
tistics'and  History.  145  pages  8vo,  with  plates. — The  scarcity 
of  knowledge  concerning  the  details  of  geological  structure  in  the 
vast  area  embraced  within  the  political  bounds  of  the  State  of 
Texas  is  •  proverbial,  and  so  inextricably  is  the  little  knowledge 
that  we  possess  involved  in  controversy  that  any  light  upon  the 
subject,  however  feeble,  is  always  welcome  at  this  time.  The 
appearance  at  this  late  day  of  a  volume  giving  the  detail  of  scien- 
tific exploration  that  took  place  over  twenty-five  years  ago  in  that 
region  has  a  double  value.  In  the  first  place  it  indicates  a  revival 
of  interest  in  geological  investigation  by  a  State  government,  in 
which  a  once  strong  desire  to  make  known  its  resources  in  a  scien- 
tific manner,  was  almost  entirely  killed  by  the  wrangling  among 
themselves  of  the  scientific  men  employed  to  carry  out  its  inten- 
tions. The  knowledge  of  large  re.cfions  of  hitherto  unpublished 
territory  which  it  brings  to  us  is  specially  welcome. 

The  two  brothers,  Benjamin  F.  and  George  G.  Shumard  were 
ardent  lovers  of  scientitic  exploration,  and  their  names  will 
always  be  inseparably  connected  with  the  scientific  history  of  the 
southwest  The  former  was  more  inclined  to  descriptive  paleon- 
tology, and  the  latter  to  traveling  and  collecting,  the  results  of 
his  labors  often  having  been  turned  over  to  his  brother  for  study 
and  publication.  He  accompanied  the  government  expeditions 
into  and  across  the  plains  of  Texas  and  New  Mexico,  and  espe- 
cially those  conducted  by  Captain  Randolph  B.  Marcey,  and  Lieut. 
Geo.  B.  McClellan  to  the  head  waters  of  the  Red  river,  in  1852, 
and  Captain  Pope's  expedition  for  boring  artesian  wells  on  the 
Staked  Plains.  In  the  year  1858  Dr.  B  F.  Shumard  was  ap- 
pointed State  Geologist  by  the  Governor  of  Texas,  and  he,  m 
turn,  appointed  his  brother  to  the  position  of  Chief  Assistant,  and 
assigned  him  to  that  vast  region  of  northern  Texas  adjacent  to 
Red  river.  These  gentlemen  began  their  labors  in  a  country  at 
that  time  exceedingly  unpropitious  for  successful  investigation, 
owing  to  the  scarcity  of  population,  the  hostility  of  the  Comanches 
and  allied  tribes,  and  the  absence  of  rail  or  walor  communication. 
Just  as  the  organization  was  reaching  a  period  when  it  was  ripe 
for  the  publication  of  results,  a  State  election  brought  into  power 
a  new  political  party.  An  ambitious  subordinate  poisoned  its 
executive  against  the  Shumards,  and  they  were  suspended,  their 
collections  taken  from  them,  and  their  manuscripts  lost  or  de- 
stroyed. The  volume  before  us  gives  more  of  the  results  of  the 
survey  than  any  other  publication  made  by  the  State  of  Texas. 
It  is  true  that  Dr.  B.  F.  Shumard  published  in  the  Transactions 
of  the  St.  Louis  and  Boston  societies,  up  to  the  time  of  his  death, 
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fragments  of  his  labors  as  State  geologist,  but  never,  until  the 
preeent  volume,  in  the  year  1 886,  did  the  State  government  pub- 
lish for  distribution  any  of  the  results  of  his  survey. 

The  volume  will  be  of  interest  at  the  present  day  chiefly  for 
purposes  of  compilation.  The  stratigraphical  deductions  of  the 
Sbomards  are  now  known  to  have  been  erroneous,  and  their  sec- 
tions oT  the  Cretaceous  strata  of  Texas,  as  published  by  Dr. 
B.  F.  Shumard  in  1 860,  most  assuredly  place  the  bottom  of  the 
Texas  strata  on  top,  the  top  in  the  middle,  and  all  the  other 
subdivisions  equally  out  of  place.  Mr.  Jules  Marcou,*  in  1861, 
called  attention  to  this  discrepancy,  and  published  an  approxi- 
mately correct  ideal  section;  but  his  then  recently  published 
erroneous  opinion  concerning  the  alleged  Jurassic  age  of  certain 
Texas  strata  prevented  this  criticism  from  carrying  with  it  the 
weight  it  deserved. 

The  portion  of  the  work  entitled  a  "Detailed  Report  of  the 
Geology  of  Grayson  County,"  is  especially  misleading,  for  it  leads 
the  reader  to  believe  that  in  that  vicinity  is  to  be  found  nearly 
every  representative  of  the  series  from  the  Tertiary  to  the  base 
of  all  the  Cretaceous  strata  of  Texas.  This  is  not  the  case,  how- 
ever, for  the  writer  has  examined  the  whole  region  in  person,  and 
found  that  Dr.  Shumard's  Tertiary  is  Cretaceous,  and  that  his 
"Lower  Cretaceous"  is  really  the  very  tf2P  of  the  great  group  of 
the  period  which  once  covered  Texas  west  of  that  county,  and 
which,  in  it,  is  partially  covered  by  the  southwestern  prolongation 
of  Hilgard's  Mississippi  series. 

It  is  to  be  hoped  that  the  State  of  Texas  will  not  only  publish 
all  the  results  of  the  old  Shumard  survey  that  it  can  lay  hands 
upon,  but  that  it  will  some  day  resume  the  geological  work  which 
it  once  began  with  so  much  earnestness.  r.  t.  hill. 

4.  Jlie  Washoe  BockSy  by  G.  F.  Bbcker.  (Bull.  California 
Acad.  Sci.,  Nov.,  1886. — The  views  of  Mr.  Becker  on  the  Washoe 
Kocks,  as  published  in  188:^,  are  briefly  presented  in  a  notice  of 
his  paper  in  vol.  xxvi  of  this  Journal  (p.  479).  A  subsequent 
detailed  study  of  Mr.  Becker's  sections  of  the  rocks  by  Messrs. 
Hague  and  Iddings,  in  connection  with  an  earlier  study  of  the 
region  by  Mr.  Hague,  led  them  to  different  views,  as  stated  in  vol. 
XXX  of  this  Journal  (p.  388),  1886,  these  authors  making  out  that 
several  of  the  igneous  rocks,  regarded  by  preceding  authors  as 
independent  in  age  and  mass,  were  of  the  same  age  and  mass, 
although  varying  from  scoriaceous  to  granitoid  in  texture.  To 
the  latter  article  Mr.  Becker  replies  in  his  recent  paper. 

Mr.  Becker  states  that  he  has  new  evidence  of  the  existence,  in 
the  resion,  of  diabase  as  a  pre-Tertiary  rock,  and  of  the  fact  of 
two  distinct  ont-flows  of  pyroxene-andesite  of  different  periods. 
On  the  first  point  he  mentions  that  six  miles  from  the  Comstock 
lode,  in  a  Juratrias  sediment,  diabase  pebbles  occur  which  are 
lithologically  like  the  diabase  of  the  east  wall  of  the  lode ;  and 

*  Proc.  Boat.  See.  Nat.  Hist.,  viu,  1861. 
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that  the  two  localities  are  in  the  same  lithological  district.  He 
says  that  it  is  not  necessary  or  possible  to  prove,  that  the  pebbles 
came  from  the  Comstock  locality ;  and  recognizes,  in  a  following 
paragraph,  the  fact  that  the  distinctions  between  the  porphyritic 
diabase  and  the  augite-andesite  of  the  Comstock  walls  "  are  some- 
what refined "  and  in  many  cases  not  distinguishable  in  hand 
specimens.  Still  he  believes  that  the  distinctions  are  sustained  by 
his  observations.  Other  arguments  are  presented  in  order  to  prove 
succession  in  periods  of  out-flow  in  the  different  kinds  of  rocks, 
and  sustain  the  order: — porphyritic  diabase,  hornblende-andesite, 
pyroxene-andesite,  later  hornblende-andesite,  pyroxene-andesite. 
The  evidence  given  is  partly  lithological,  and  relates  to  rocks 
which  have,  as  is  implied,  these  perplexing  transitions,  so  that  it 
is  set  forth  as  probable  rather  than  positive.  The  similarity  in 
the  rock  of  the  two  walls,  claimed  by  Messrs.  Hague  and  Iddings, 
is  remarked  upon  adversely,  but  with  the  admission  that  the 
question  is  difficult  to  decide. 

Mr.  Becker  states  that  he  found  the  diorite  at  the  3,000  foot 
level  in  the  Comstock  lode,  identical  with  that  iat  the  top,  and 
concludes  that  the  crystallization  does  not  vary  with  the  depth ; 
and  the  same  for  the  diabase  ;  and  in  a  belt  at  the  surface  about 
7,600  feet  above  the  Sutro  tunnel,  he  failed  to  find  a  serial  pro- 
gress in  degree  of  crystallization.  Other  points  also  are  consid- 
ered, and  in  general  his  former  positions  are  not  yielded. 

On  the  main  question,  independent  of  Washoe,  the  difference 
between  these  observers  appears  to  be  small.  For  Mr.  Becker 
says  (p.  95)  that  "it  has  never  appeared  to  me  that  a  distinction 
between  pre-Tertiary  and  Tertiary  eruptions  was  a  natural  one," 
but  "  an  artificial  substitute ;"  yet  he  adds  "  which  it  would  be  un- 
wise to  abandon  until  some  available  principle  distinguishing  little 
eroded  from  deeply  eroded  rocks  is  discovered  and  thoroughly  estai)- 
lished."  Allowing  that  the  determination  of  the  facts  by  direct 
observation  should  precede  the  attainment  of  the  needed  principle, 
and  there  would  be  agreement  here  also.  The  region  is  one  of  diffi- 
cult investigation  on  account  of  the  natural  transitions  in  the 
rocks,  transitions  also  from  the  alteration  of  pyroxene  to  horn- 
blende, and  the  obscurity  over  the  larger  part  of  the  exposed 
surfaces  on  account  of  the  deep  alteration  and  especially  along 
the  walls  of  the  lode.  Mr.  Becker  presents  his  arguments 
cautiously,  making  them  probable  rather  than  positive,  and  they 
indicate  that  he  regards  the  question  as  still  an  open  one.  They 
appear  to  be  insufficient,  under  the  uncertainties,  to  set  aside  the 
improbability  of  his  conclusions. 

Whatever  uncertainty  may  exist  with  regard  to  the  relations 
of  the  Washoe  rocks,  the  principles  deduced  from  them  by  Messi*8. 
Hague  and  Iddings  appear  to  be  placed  beyond  reasonable  dis- 
pute by  later  investigations  in  Great  Britain  and  Italy. 

5.    Volcanic  Glass  changed  by  heat  alone  to  Pumice.     In  a 

aper  on  Marekanite,  pearly  glassy  balls  of  volcanic  origin  (Greol. 

'ag.,  June,  1886),  Professor  J.  W.  Judd  shows  that  the  amount 
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of  volatile  matter  present  is  large  enough  to  convert  the  glass, 
when  heated  to  whiteness,  into  cauliflower-like  masses  which  are 
true  puraice.  The  same  author  in  a  later  paper  **  On  the  volcanic 
rocks  of  the  Northeast  of  File,  Scotland,"  states  that  a  dacite- 
glass,  when  carefully  dried  at  110°  C.  and  then  weighed  was 
found,  on  ignition,  tt»  have  lost  8.90  p.  c.  of  its  weight ;  and  when 
fragments  were  heated  in  a  flame  urged  by  a  powerful  blast  they 
swelled  up  into  cauliflower-like  excrescences,  8  to  10  times  the 
original  bulk.  The  obsidian  of  Krakatao  (a  porphyritic  enstatite- 
dacite  glass)  acted  in  the  same  way,  yielding  a  dirty-white 
pumice,  "  almost  undistinguishable  from  the  natural  pumice  which 
was  ejected  from  that  volcano  during  the  great  eru|)tion  of 
August,  1883."     The  latter  paper  is  in  Q.  J.  Gr.  S.,  Aug.,  18S6. 

6.  North  America  i?i  the  Ice  Period ;  by  J.  S.  Newberry. 
(Pop.  Sci.  Monthly,  Nov.  1886). — Dr.  Newberry  reviews  in  this 
paper,  the  facts  with  regard  to  the  general  distribution  of  the 
drift  in  North  America  and  illustrates  the  subject  by  two  maps, 
one  of  North  America,  and  the  other  of  the  United  States  east  of 
the  Rocky  Mountains.  lie  also  gives  the  results  of  his  personal 
observations,  especially  in  Western  America.  His  map  represents 
glaciers  as  descending  along  the  Rocky  Mountains  to  the  northern 
part  of  New  Mexico,  and  to  about  the  same  parallel  on  the  Sierra 
Nevada.  The  conclusions  drawn  from  the  facts  are  the  following: 
that  the  North  American  ice  envelope  covered  nearly  or  quite  half 
of  the  continent;  that  the  Ice  period  was  a  cold  period ;  that  it  was 
a  result  of  general  and  not  of  local  causes,  of  cosmical  agencies,  and 
not  of  topographic  or  even  terrestrial.  With  regard  to  the  view 
that  no  lowering  of  the  temperature  in  the  glacier  regions  was 
necessary  to  explain  the  facts,  Dr.  Newberry  mentions  as  one 
among  many  facts,  that  on  the  Cascade  Mountains,  Oregon,  pre- 
cipitation of  both  rain  and  snow  is  at  present  very  copious,  the 
snow-line  falling  to  7,000  feet  above  the  sea-level,  and  yet  there 
is  no  ice  where  great  glaciers  formerly  existed ;  the  precipitation 
remains;  the  snow-fall  remains;  but  the  glaciers  are  gone  "be- 
cause of  the  high,  annual  temperature."  A  depression  of  tempera- 
ture which  should  canse  the  rain -bearing  winds  from  the  Pacific 
to  do  all  the  year  what  they  now  do  only  in  winter,  that  is,  heap 
np  snow  on  the  highlands" — would  make  an  annual  accumulation ; 
and  thus  "the  slopes  and  valleys  would  soon  be  occupied  by 
glaciers  as  they  were  in  former  times." 

7.  Geological  map  of  the  United  States;  by  C.  H.  Hitchcock. 
— Professor  Hitchcock  has  a  paper,  accompanying  a  colored  geo- 
logical map  of  the  United  States,  in  the  Transactions  of  the  Amer- 
ican Institute  of  Mining  Engineers.  The  map  measures  18  inches 
by  28.  It  is  based,  as  is  stated,  on  the  map  published  in  the  5th  An- 
nual Report  of  the  Director  of  the  U.  S.  Geological  Survey,  prepared 
by  Mr.  W.  J.  McGee,  and  is  intended  "  to  illustrate  the  schemes 
of  coloration  and  nomenclature  recommended  by  the  International 
Geological  Congress."  The  map  is  handsomely  printed  (by  J. 
Bien)  and  the  effect  of  the  arrangement  of  colors  is  excellent 
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Professor  Hitchcock  gives  a  brief  r^sam6  of  the  history  of  Ameri- 
can geological  maps,  and  the  special  characteristics  of  each,  in 
the  following  order :  Maclure's,  1817;  James  Hall's,  1843;  Lyell's, 
1845  ;  Edward  Hitchcock's,  1863  ;  J.  Marcou's,  1853,  and  again  in 
1865;  H.  D.  Rogers,  published  at  Edinburgh,  in  Keith  Johnson's 
Physical  Atlas,  1856;  Hall  &  Lvsioy's,  published  in  vol.  i  of 
Emory's  Rep.  United  States  and  Mexican  Boundary  Survey,  1867  ; 
Logan  &  Hall's  grand  map,  published  1866,  as  the  Geological 
map  of  Canada — the  only  map  hitherto  published  which  com- 
pares in  style,  magnitude  and  detail  with  those  of  European  Geo- 
logical Surveys;  C.  H.  Hitchcock  and  W.  P.  Blake's  map,  in  the 
United  States  publications  of  the  Ninth  Census,  1872;  C.  H. 
Hitchcock's  large  map  of  1881,  published  by  Julius  Bien;  McGee's 
map,  U.  S.  Geol.  Survey,  of  1885. 

In  a  note.  Professor  Hitchcock  states  that  Mr.  J.  Marcou's  ex- 
tensive "  Mapoteca  Geologica  Americana,"  published  as  No.  7  of 
the  Bulletins  of  the  U.  S.  Ge<»logical  Survey,  has  an  important 
omission,  in  making  no  mention  of  the  great  Canada  n^ap  of  Logan 
&  Hall.  The  paper  states  also  the  reasons  of  th^  author  for 
disagreeing  with  the  author  of  the  "Mapoteca"  in  other  respects. 

8.  Tertiary  Fossils:  Geological  Survey  of  Aldbaina^  1886. — 
This  volume  contains  a  Preliminary  Report  on  Tertiary  Fossils 
of  Alabama  and  Mississippi^  by  T.  H.  Aldrtch,  and  Contribu- 
tions to  the  Eocene  Paleontology  of  Alabama  and  Mississippi^ 
by  Otto  Meyeb. — The  former  paper  is  illustrated  by  six  litho- 
graphic plates,  and  the  latter  by  three.  The  excellent  work  of 
Messrs.  Aldrich  and  Meyer  is  doing  much  to  remove  the  doubts 
and  obscurities  connected  with  the  Gulf-border  Tertiary  fossils. 
Professor  E.  A.  Smith,  the  State  Geologist,  opens  the  volume  (of 
60  pages)  with  a  brief  account  of  various  stratigraphical  sections 
of  the  Tertiary.  In  his  preface  he  mentions  that  this  Bulletin,  No.- 
1,  "  is  the  first  contribution  toward  a  work,  undertaken  by  Mr. 
Aldrich,  illustrating  the  paleontology  of  the  Tertiary  formation 
of  Alabama,  and  that  the  work,  with  its  plates  and  other  illustra- 
tions, is  to  be  the  gift  from  Mr.  Aldrich  to  the  State  of  Alabama. 
It  will  embrace  figures  and  descriptions  of  all  the  shells  found  in 
the  Tertiary  deposits  of  the  State,  and  include  reproductions  of 
the  figures  already  published  elsewhere."  "  Mr.  Aldrich  furnishes 
gratuitously  not  only  the  text  of  his  article  but  also  provides,  at 
his  own  expense,  the  entire  printed  edition  of  the  plates  illustrat- 
ing both  his  own  and  Dr.  Meyer's  articles." 

9.  Geological  Survey  of  Alabama,  Eugene  A.  Smith,  Ph.D., 
State  Geologist.  On  the  Warrior  Coal  Field,  by  H.  McCalley, 
Chemist  and  Assist.  Geologist,  Montgomery,  Ala.,  672  pp.  8vo, 
1886. — This  volume  is  devoted  to  a  detailed  description  of  the 
principal  coal  field  of  Alabama.  The  number  of  consecutive  beds 
m  this  extensive  coal  field  is  stated  to  be  35;  of  which  16  are 
over  2i  feet  thick  and  6  of  4  feet  or  over.  It  is  stated  that  the 
coal  beds  appear  to  thin  toward  the  northwest.  An  estimate  puts 
the  amount  of  available  coal  in  the  Warrior  coal  region  from  the 
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seams  over  eighteen  inches  in  thicknens,  above  108,000,000,000  tons, 
which  is  *' three  times  that  of  the  estimated  available  bitaiuinoas 
and  semi-bituminous  coals  of  Pennsylvania." 

10.  Geological  Report  of  New  Jersey  for  1886.  228  pp.  8vo. 
— Speakino;of  the  junction  of  the  Potsdam  sandstone  and  Archaean 
in  New  Jersey,  at  two  localities  in  Sussex  county,  Professor 
Cook  states  that  the  actual  plane  of  contact  is  obscured  by  the 
occurrence  of  so  much  feldspar  in  the  sandstone  as  to  present  the 
appearance  of  a  gradual  transition  into  the  'older  rock.  Besides 
the  general  feldspathic  character  of  the  Potsdam,  fragments  and 
masses  of  the  Archaean  are  imbedded  in  it.  These  facts  are  simi- 
lar to  those  that  have  been  reported  from  the  vicinity  of  the 
junction  both  north  and  south  of  the  Archaean,  on  the  west  side 
of  the  Hudson  River.  They  tend  to  show  that  theTriassic  was  a 
valley  or  estuary  formation. 

A  map  of  Sandy  Hook  in  the  report,  facing  the  title  page, 
gives,  beside  the  outline  for  1885,  the  outlines  from  a  survey  iu 
1685,  also  in  1765,  and  later  lines  from  the  U.  S.  Coast  Survey. 
The  increase  in  length  and  breadth  since  1686  has  given  more 
than  four  times  the  area  it  then  had.  A  map  is  givei)  of  Little 
Egg  Harbor  showing,  since  1841,  that  the  drifted  sands  hav«  pro- 
longed the  north  point  of  the  entrance  nearly  3  m.  S.W.  and 
closed  the  old  inlet.  At  Holly  Beach  a  similar  change  has 
taken  place  by  a  southward  drift  of  the  sands  along  the  beach, 
which  has  also  shortened  in  the  north  end. 

11.  Freshwater  Invertebrates  of  the  N.  A.  Jurassic, — Bulletin 
27  of  the  U.  S.  Geological  Survey  is  occupied  with  a  paper  by 
Dr.  C.  A.  White  on  the  freshwater  invertebrates  from  the  Juras- 
sic rocks  of  Dakota,  Colorado  and  Wyoming.  The  genera  of 
shells  represented  are  Unio  (7  species),  Jjimmpa  (3),  PlanorhiSy 
Yorticifex^  Valvata^  Viviparus^  Lioplacodes,  Neritina ;  and  the 
OstroAioda^  according  to  the  best  English  authority,  Professor  T. 
Rupert  Jones,  to  whom  they  were  submitted,  include  Metacypris 
Forbesii  Jones,  besides  other  species  of  the  same  genus,  Darwinr 
ula  leguminella  Forbes,  and  several  yet  undescribed  species  of 
Cypris,     The  memoir  is  illustrated  by  four  plates. 

12.  Modem  Petrography^  an  account  of  the  application  of  the 
Microscope  to  the  study  of  Geology';  by  Geokgk  H.  Williams. 
35  pp.  Boston,  1886  (Monographs  on  Education,  D.  C.  Heath  &, 
Co.) — Tliis  is  an  interesting  essay,  telling  of  the  methods  of 
microscopical  Petrography,  and  calculated  to  give  to  the  reader 
something  of  the  enthusiasm  for  the  subject  which  is  felt  by  the 
writer.  Its  usefulness  to  teachers  is  increased  by  the  bibliogra- 
phy, suggestions  as  to  instruments,  etc.,  given  at  the  end. 

13.  IStromeyerite  from  Mexico. — Dr.  KOnig  has  analyzed  a 
specimen  of  stromeyerite  from  Zacatecas  with  the  following 
results : 

S  Ag  Cu  IdsoL 

15-81  50-18  33-69  0-26  =  99-94 

This  corresponds  to  the  formula  (Ag,  Cu),S  with  the  ratio  of 
silver  to  copper  sulphide  nearly  1 : 1,  or  exactly  47 :  58.     The  min- 
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eral  occurs  in  imperfect  prismatic  crystals  on  quartz ;  the  specific 
gravity  was  6*230. — Proc.  Ac.  Nat.  Sc,  Philad.,  p.  281,  1886. 

14.  Stilvenite^  an  alum  from  Chill. — Dr.  Darapsky  has  recently 
described  a  series  of  Chilian  alums  derived  from  the  abandoned 
mine  Alcaparrosa  near  Copiapo.  One  of  these  occurred  in  slender 
acicular  crystals,  2  or  3  inches  in  length.     An  analysis  yielded : 

SO,  Al^Os         MgO        Na,0       K,0  H.O 

(I)  36-1  ^       11-6  1-0         2-7         tr.         47*6 

This  corresponds  to  (Na„  Mg)SO^  +  Al,S,0,,  +  24H,0.  To  this 
alum  the  name  Sttlvenite  is  given  after  the  mining  engineer 
Enrique  Sttlven.  The  paper  from  which  this  is  taken  closes  with 
a  discussion  of  the  mutual  relations  of  the  numerous  species, 
hydrous  sulphates  of  alumina  with  potash,  soda,  magnesia,  lime; 
manganese,  zinc  and  iron. —  Verhandl.  wiasensck.  Verebts  Santiago, 
p.  105,  1886. 

15.  An  artificial  cry stalliT^d  SilicO'Carbo7iat€. — Rammelsberg, 
who  some  years  ago  described  crystals  of  gay-lussite  obtained 
from  soda  lye  at  tlie  chemical  manufactory  of  Dr.  Reidemeister 
at  Schonebeck,  has  recently  given  an  account  of  a  silico-carbonate 
of  alumitia,  lime  and  soda  obtained  from  the  same  source.  This 
is  found  in  tabular  crystals,  which  belong  to  the  orthorhombic 
system.     They  yielded  on  analysis: 

SiOa  COa  AlaOs  CaO  NagO  H9O 

22-75  14-99  7*38  13*28         22*37  [19*23]  =  100* 

This  coresponds  to  a  compound  of  the  normal  silicates  and  car- 
bonates of  alumina,  lime  and  soda  or  simply  R(Si,  C)0,+J,^  aq. 
This  compound  is  particularly  interesting  because  related  to  the 
natural  silico-carbonate  cancrinite.  Rammelsberg  suggests  that 
the  formula  of  cancrinite  may  be  written  2R,(Si,  C)03  +  3R^(Si, 
0)04,  assuming  that  SiO^  and  CO,  play  the  same  role,  as  in  the 
artificial  compound  described. 

III.    Botany  and  Zoology. 

1.  Bulletin  of,  the  Congress  of  Botany  and  Horticulture  at 
St.  Petersburg. — The  botanists  and  horticulturists  held  an.  inter- 
national congress  at  St.  Petersburg  in  May,  1884.  The  Bulletin 
du  Congr^s,  printed  in  1886,  has  now  just  reached  us  at  the  close 
of  the  year  1886.  It  is  an  imperial  octavo  volume  of  335  pages, 
largely  in  French,  partly  in  Russian  and  German,  with  one  article 
in  English. 

The  latter  is  ^^Nbtes  on  the  genus  Lilium,^^  by  H.  T.  Elwes,  the 
author  of  the  sumptuous  Monograph  of  the  Lilies  (which  was 
completed  in  1 880),  and  one  of  the  two  British  delegates  at  the 
Congress.  The  article  closes  with  a  list  of  the  Lilies  at  present 
known,  51  species,  with  principal  synonyms  and  habitat.  The 
only  species  added  in  these  last  few  years  are  three  by  Brossier  in 
the  last  volume  of  the  Flora  Orientalis,  which  may  not  hold  good. 
Mr.  Elwes  doubts  whether  many  more  are  to  be  expected,  except 
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from  the  ChiDO-Himalayan  region.  He  records  some  interesting 
details  respecting  the  cultivation  and  the  constitational  disposi- 
tion of  various  species;  he  finds  it  "an  important  point  in  the 
caltnre  of  delicate  lilies,  that  the  ground  in  which  they  are  planted 
should  he  already  occupied  by  the  roots  of  shrubs  or  plants  which, 
without  overgrowing  the  lilies  entirely,  will  have  the  effect  of 
keeping  the  soil  drier  and  more  open  ";  he  confirms  what  he  had 
said  "  as  to  the  extreme  difficulty  of  raising  hybrid  lilies  from 
seed,"  and,  in  view  of  the  insufficiency  of  dried  specimens  in  such 
plants,  and  the  remairkable  differences  in  the  bulbs  which  he  has 
pointed  out,  he  impresses  the  importance  of  studying  them  in  life. 
This  he  has  done  above  all  others. 

Mr.  Lynch,  the  curator  of  the  Botanic  Garden  of  Cambridge 
University,  in  a  brief  paper  with  some  figures,  explains  the  method 
of  cultivating  aquatic  plants,  such  as  water-lilies,  which  he  has 
made  so  successful. 

Baillon  has  an  interesting  memoir  on  what  he  terras  ovaires 
acropylees,  namely  ovaries  open  at  the  top  at  the  time  of  fecunda- 
tion, and  which  are  or  may  be  fecundated  either  directly  by 
the  deposit  of  pollen  upon  the  projecting  or  imperfectly  enclosed 
nucleus  of  the  ovule,  as  he  shows  in  certain  cases  in  IHteum,  or 
by  the  growth  of  pollen-tubes  down  a  pervious  passage  through 
the  ovarian  walls  widely  distant  from  the  stigmas,  as  in  Passiflora. 
The  borders  of  the,  orince  at  the  apex  of  the  ovary,  between  the 
reflexed  styles,  in  Passiflora  coerulea^  appear  to  excite  the  growth 
of  pollen-tubes  even  more  readily  than  the  stigmas  themselves. 
For  the  difficulty  of  fecundating  this  species  is  well  known ; 
but  Baillon  now  tells  us  that  the  French  gardeners  have  long 
known  how  to  do  it,  by  application  of  the  pollen  to  the  top  of  the 
ovary  between  the  bases  of  the  styles  !  Baillon  says  that  there 
are  many  other  angiospermous  plants  with  open  ovary.  Those 
syslematists — just  now  in  the  majority — who  relegate  the  Gym- 
nosperras  to  a  position  far  away  from  the  other  Dicotyledons, 
should  compare  all  this  with  the  structure  and  fecundation  of 
Gnetacecey  and  reconsider. 

The  essay  by  Timarizeff  on  the  function  of  chlorophyll  was 
some  time  ago  noticed  in  this  Journal.  So,  also  the  paper  of 
Maximowicz  upon  the  vegetation  of  Mongolia  and  northern  Tibet 
in  the  light  of  recent  collections  by  Russian  explorers. 

A  second  communication  by  Mr.  Lynch  should  not  be  over- 
looked. It  is  upon  the  tubers  of  TMadiantha  dubia^  which  look  like 
small  potatoes,  and  by  which  this  rather  pretty  cucurbitaceous 
plant  propagates  in  the  gardens  freely,  not  to  say  exclusively,  for 
the  female  sex  is  rarely  seen.  We  took  it  for  granted  that  these 
were  true  tubers,  but  Mr.  Lynch  shows  that  they  are  thickenings 
of  roots,  that  they  form  even  on  the  primordial  root  of  the  seed- 
ling, as  well  as  upon  secondary  fibrous  roots,  and  that  the  sprouts 
are  adventitious  buds.  Mr.  Lynch  says  that  all  the  seeds  he  has  re- 
ceived and  raised  gave  rise  to  male  plants,  and  that  the  female  is 
unknown  in  England.     We  have  had  both  in  cultivation,  but  the 
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female  soon  died  out,  while  the  male,  thanks  to  these  false  tubers, 
has  become  a  weed. 

Equally  interesting  to  poroolojrists  and  to  botanists,  is  a  com- 
munication in  Russian,  by  a  M.  Wilkins,  who  sends  from  Feringba 
in  the  province  of  Khiva,  the  figures  of  peach-stones,  filling  two 
folio  plates,  with  explanations, — designed  to  show  the  presumed 
genealogy  of  the  varieties:  it  is  an  instructive  series.  Happily, 
Dr.  Maximowicz  gives  an  abstract  of  the  paper  in  French,  and  ap- 
pends some  notes.  He  remarks  that  while  in  Western  Asia  and 
Europe,  where  the  peach  is  prized  as  a  fruit,  it  is  this  which  has 
developed  so  many  and  great  variations,  while  in  China  and 
Japan,  where  ripe  peaches  are  less  esteemed  (being  thought  un- 
wholesome), ana  the  tree  enters  into  ornamental  cultivation,  it  is 
the  flowers  which  are  greatly  varied.  a.  g. 

2.  Minor  Botanical  Notes. — Mr.  Maw  has  completed  his 
Monograph  of  the  genus  Crocus,  a  superb  royal  quarto  volume, 
with  81  hand-colored  plates,  maps,  vignettes,  &c.,  published  by 
Dulau  ifc  Co.,  London.  From  Beccari  we  have  received  the  second 
part  of  the  third  volume  of  Mcdesia,  mainly  devoted  to  Asiatic 
I^alms.  Part  12  of  the  second  volume  of  the  new  (Botanical) 
series  of  the  Transactions  of  the  Linnean  Society  of  London  is 
occupied  with  a  paper  by  Mr.  Fawcett,  of  the  British  Museum, 
On  new  species  of  Balanophora  and  Thonnvigm^  with  a  fwte 
on  Brugmansia  Lowii ;  with  four  fine  plateS| 

Jahrhuch  des  KdnigL  botanischen  Gartens  und  des  botanischen 
Museum  zu  Berlin,  Band  iv,  edited  by  Professor  Eichler,  Dr. 
Garcke,  and  Dr.  Urban,  has  just  appeared.  The  larger  papers  are 
by  E.  Fischer  on  the  PhaUoideop.;  Loew,  on  the  relations  of  insects 
to  plants  in  the  Botanic  Garden  (an  extensive  article,  which  we 
propose  to  give  some  account  of) ;  Wenzig  on  Old  World  Oaks; 
Urban,  Miscellanea  in  the  Botanic  Garden  and  Museum  and  on 
Pollenisation  in  Loasacece;  and  Schumann,  on  Comparative  Morph- 
ology of  the  Flowers  in  the  cucullate  Sterculiacece,  We  learn  with 
great  sorrow  that  Dr.  Eichler's  health  is  seriously  impaired. 

Recent  additions  to  Canadian  Filicinece,  by  T.  J.  W.  Burgess, 
forms  an  article  of  10  pages,  quarto,  in  the  Transactions  of  the 
Royal  Society  of  Canada,  just  issued. 

Additions  to  the  Flora  of  Washington  and  vicinity  (i.  e., 
additions  to  Mr.  Ward's  excellent  catalogue),  by  F.  H.  Knowlton, 
make  a  pamphlet  separately  issued  from  the  third  volume  of  the 
Proceedings  of  the  Biological  Society  of  Washington. 

History  a7id  Biology  of  the  Pear-blight,  by  J.  C.  Arthur,  is  the 
thesis  presented  for  the  doctoi-ate  in  science  to  Cornell  University 
in  June  last,  and  now  published  by  the  author  in  the  Proceedings 
of  the  Philadelphia  Academy  of  Natural  Sciences,  24  pages  8vo, 
and  a  plate.  The  whole  history  of  this  fearful  blight  is  given  in 
detail,  the  most  curious  fact  being  that  it  is  peculiar  to  Atlantic 
North  America,  where  it  has  been  known  for  almost  a  hundred 
years.  The  plate  gives  figures  of  the  bacterium,  which,  according 
to  Professor  Burrill's  discovery,  produces  the  disease;  also  the 
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zoogliea  grown  from  it  in  cultivation  in  hay  and  potato  infusion. 
The  name  of  this  destructive  bacterium,  given  by  Professor 
Burrill,  the  discoverer,  was  Micrococcus  amylovorus^  which,  "  by 
a  typographical  error"  was  in  a  reprint  of  the  author's  original 
paper  "made  to  read  M,  amylivoruSy  a  mistake  which  has  been 
copied  into  other  works,"  says  Dr.  Arthur.  We  should  say  that 
the  latter  was  rather  the  correction  of  an  original  mistake,  'which 
should  have  been  accepted  with  thanks,  unless  indeed  the  bacteri- 
ologists are  super  grammaticum  and  prefer  to  write  carnovorus 
and  insectovorus  and  graminovorus,  which  is  not  likely. 

I.  Freyn,  of  Prague,  has  recently  published  several  articles  on 
RanunctduSf  and  is  engaged  in  a  complete  elaboration  of  the 
European  species.  In  furtherance  of  his  work  he  solicits  ex- 
changes with  American  botanists. 

Acta  Horti  Pelropolitani,  tom.  ix,  fasc.  2,  is  just  received.  The 
article  which  most  interests  us  is  on  the  plants  of  the  Commander 
Islands,  i.  e.,  Bering  Island  and  Copper  Idand,  next  to  the  coast 
of  Eamtschatka,  being  a  list  of  the  species  collected  by  two  Rus- 
sian Doctors,  in  1879  and  1881.  To  our  surprise  the  JBryanthus 
SteUeri  is  not  among  them.  Dr.  Herder  gives  a  complete  enum- 
eration and  determination  of  George  Forster's  Icones  Plantarum 
in  itinere  ad  insulas  maris  australis  collectartwiy  cum  tahulis  ceneis 
et  duohus  pictis,  two  volumes  in  folio,  of  which  the  Petersburg 
Garden  possesses  an  unique  copy.  The  volume  also  contains  the 
younger  Uegers  fine  Monographia  generis  Eremostachys^  with 
ten  large  plates. 

Catalogris  Systematicus  BlbliotheccB  Horti  Imperialis  Botanici 
Petropolitaniy  a  new  edition,  by  Dr.  Herder,  forms  a  large  8vo 
volume  of  510  pages,  with  complete  indexes;  a  valuable  volume. 

Sir  Joseph  Hooker's  Primer  of  Botany  has  been  issued  in  a 
third  edition,  revised  and  considerably  enlarged,  especially  by  sec- 
tions on  the  general  nature  and  work  of  plants,  on  their  tissues, 
their  food,  assimilation,  etc.  The  primer  now  has  148  pages,  about 
twenty  more  than  in  the  second  edition. 

Mr.  N.  L.  Britton,  of  the  Torrey  Herbarium,  has  contributed  to 
the  Bulletin  of  the  Torrey  Botanical  Club,  vol.  xiii,  no.  11,  a 
Preliminary  List  of  the  North  American  species  of  Cyperus^  with 
descriptions  of  new  forms,  a  recast  of  the  genus,  with  two  new 
species,  C\  Halei  and  C.  Wrightii^  and  several  varieties.        a.  g. 

3.  Bulletin  of  the  American  Museum  of  Natural  History ,  vol. 
I,  No.  7,  Central  Park,  New  York. — The  number  for  July  con- 
tains the  following  memoirs  :  Description  of  a  Squirrel,  Spermo- 
philus  tereticaudus  of  Arizona,  E.  A.  Means  ;  Life  history  of 
Amhlystoina  opacum^  and  on  JScaphiophus  Holbrooki  Col.,  N. 
Pike  ;  Revised  list  of  birds  of  Massachusetts  and  on  Colinus 
Ridgwayi  of  Arizona  (with  a  fine  colored  plate),  J.  A.  Allen. 
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TV.  Astronomy  and  Mathematics. 

1.  The  Argentine  General  Catalogue. — ^This  Catalogue  of 
Southern  Stars  forms  volume  xiv  of  the  Resultados  del  Observa- 
torio  Nacional  Argentina  and  contains  positions  of  southern  stars 
observed  by  Dr.  Gould  with  the  meridian  circle  at  Cordoba. 
In  forming  the  observing  lists  the  stars  needed  for  reducing 
the  zones  and  the  stars  of  the  Uranometry  were  first  disposed  of, 
then  those  stars  remaining  of  Lacaille  aod  Brisbane,  and  the 
bright  southern  ones  of  Lalande.  To  these  were  then  added 
stars  from  Gilliss,  Yarnall,  Moesta  (2),  Stone's  Maclear,  Ellery 
and  from  the  Cordoba  Zones.  Most  of  the  stars  brighter  than 
8^  magnitude  must  have  been  observed,  especially  most  of  those 
south  of  the  parallel  28**  S.  The  current  numbers  run  to  32,448, 
though  clusters  that  are  added  will  increase  the  total  by  more 
than  a  thousand  stai-s.  These  figures  show  the  magnitude  of  Dr. 
Gould's  work,  and  the  importance  of  the  catalogue  in  Southern 
Stellar  Astronomy.  It  is  very  rare  that  there  is  occasion  to  take 
note  of  such  a  remarkable  contribution  to  the  science. 

2.  Theory  of  Magnetic  Measurements  with  an  Appendix  on 
the  Method  of  Least  Squares  :  by  Fbancis  E.  Niphee.  94  pp. 
8vo.  New  York,  1886  (D.  Van  Nostrand). — ^The  experience  of 
the  author  has  enabled  him  to  write  a  volume  containing  much 
that  will  aid  other  observers  in  the  same  field. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Precious  Stones  in  Nature,  Art  and  Literature,  by  S.  M. 
BuBNHAM.  400  pp.,  large  8vo.  Boston,  1886  (Bradlee  Whidden). 
— This  is  a  handsomely  printed  volume,  written  in  an  attractive 
style  and  giving  much  information  of  interest  to  the  general  pub- 
lic. The  scientific  portion  of  the  work — a  small  part,  indeed,  is 
not  quite  as  accurate  as  might  have  been  desired. 

2.  Transactions  of  the  Royal  Society  of  Canada^  Vol.  Ill, 
1886.  (Dawson  Bros.). — This  valuable  volume  contains,  among 
the  papers  in  the  sections  on  physical,  chemical  and  natural 
science :  A.  Johnson,  on  tidal  observations  in  Canadian  waters ; 
Dr.  Hunt,  on  a  natural  system  in  mineralogy  ;  Dawson,  on  the 
Mesozoic  floras  of  the  Rocky  Mountain  region  in  Canada ;  E.  J. 
Chapman,  on  a  hematite  mine ;  G.  F.  Matthew,  on  the  Fauna  of 
the  St.  John's  Group ;  R.  R.  Wright,  on  the  skull  and  auditory 
organs  of  Hypophthalmus,  and  others.  There  are  also  in  the 
other  sections,  many  papers  on  archseological  subjects  and  on 
historical  and  other  topics. 

3.  Journal  of  Morphology. — This  Journal  of  "Animal  Morph- 
ology" is  announced  by  Ginn  ifc  Co.  of  Boston  as  to  appear  early 
in  1887.  Two  numbers,  of  from  100  to  150  pages  each  and  6  to 
10  double  plates,  will  be  issued  a  year,  at  $6.00.  C.  O.  Whitman 
of  Milwaukee,  Wis.,  is  to  be  the  editor,  with  the  promised 
cooperation  of  many  zoologists,  the  list  commencing  with  the 
names  of  Dr.  J.  Leidy  and  E.  D.  Cope  of  Philadelphia. 
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4.  Papers  of  the  Berkshire  Historical  and  Scientific  Society. 
186  pp.  8yo.  Piltsfield,  1886. — ^Tbis  first  volume  of  the  Berkshire 
Society  contains  four  papers :  On  Berkshire  Geology,  by  J.  D. 
Dana;  On  the  western  boundary  of  Massachusetts,  by  F.  L. 
Pope;  the  Judicial  history  of  Berkshire,  by  H.  W.  Taft;  the 
Early  roads  and  settlements  of  Berkshire  west  of  Stockbridge 
and  Sheffield,  by  H.  F.  Keith. 

5.  Journal  and  Proceedings  of  the  Boyal  Society  of  New 
South  Wales,  vol.  xix,  1885.  A.  Livbbsidge,  Editor. — This 
volume  of  the  Royal  Society  of  New  South  Wales  contains, 
among  its  papers,  the  following:  on  Local  Variations  and  Vibra- 
tions of  the  Earth's  Surface,  by  H.  C.  Russell,  with  five  dia- 

frams ;  on  Causes  of  Decay  of  the  Australian  Forests,  by  Rev. 
'.  Macfhbrson  ;  on  the  History  of  Floods  in  the  Hawesbury 
River,  by  J.  P.  Josephson  ;  on  the  Characters  of  the  Adelong 
Quartz-reefs,  by  S.  H.  Cox;  on  the  Ringal  of  the  Northwestern 
Himalaya,  by  Dr.  Brandes,  besides  others;  preceded  by  the 
address  of  the  President,  H.  C.  Russell.  The  cause  of  decay  in 
the  Australian  forests,  after  much  investigation,  was  traced  to 
the  Opossums.  The  leaves  of  Eucalyptus  were  eaten  and  each 
margin  thus  deeply  scolloped.  This  was  proved  to  be  the  way 
with  a  captive  opossum ;  and  it  was  further  proved  that  one 
opossum  would  devour  about  200   leaves  a  night;   and  conse- 

Juently  shown  that  the  18,000  opossums  killed  annually  in 
'ounty  Grant,  Victoria,  were  sufficient  to  destroy  upwards  of 
13,000  trees  and  lay  bare  a  space  of  700  acres,  or  more  than  a 
square  mile. 

OBITUARY. 

Isaac  Lea. — Isaac  Lea  died  at  Philadelphia  on  the  8th  of 
December  last  in  his  ninety-fifth  year,  after  a  life  of  enthusiastic 
devotion  to  science  and  great  success  in  scientific  work.  He  was 
bom  in  Wilmington,  Delaware,  on  the  4th  of  March.  His  resi- 
dence in  Philadelphia  began  when  fifteen  years  of  age ;  and  at 
twenty-two,  in  1814,  he  and  his  friend,  Mr.  Lardner  Vanuxem, 
later  Professor  Vanuxem,  of  the  Geological  Survey  of  New  York, 
became  members  of  the  Academy  of  Natural  Sciences  of  that  city. 
His  contributions  to  science  began  and  ended  with  the  depart- 
ment of  mineralogy.  But  his  chief  memoirs  and  works  are  devoted 
to  the  departments  of  modern  conchology  and  some  departments 
of  paleontology.  His  investigation  of  the  American  Unios 
began  in  1826  on  receiving  some  specimens  through  Major  Long, 
from  the  Ohio  river;  and  when  it  closed  in  1874,  he  had  published 
thirteen  volumes.  The  difficulties  in  discriminating  species  arising 
from  varying  forms  in  the  shells  he  endeavored  to  overcome  by 
a  study  of  the  animals,  and  accomplished  much  in  this  direction. 
His  researches  were  extended  to  the  fresh-water  shells  of  other 
continents;  and  they  included  besides  Unionidse,  also  species  of 
Melanidse,  Paludinidse,  Helicidae,  and  other  freshwater  species.  The 
other  large  field  oiicupied  by  him  was  that  of  the  Tertiary  shells 
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of  eastern  North  America.  His  attention  was  called  to  the  shells 
in  the  Claiborne  bluffs  in  1829.  His  '*  contributions  to  Geology  " 
in  1838,  in  which  year  he  published  a  series  of  papers,  and 
included.all  in  a  voluntie  of  226  pa^es,  embraced  discriptions  and 
figures  of  221  species  of  Tertiary  shells,  from  Maryland  and  New 
Jei*sej  as  well  as  Alabama.  Later  he  desciibed  fossil  shells,  of 
Oolitic  age  from  Grenada;  Unio-like  species  from  the  Carboni- 
ferous of  F^ennsylvania ;  a  fossil  reptile  (for  which  he  instituted 
the  genus  Clepst/saurus)  from  the  Juratrias  of  Pennsylvania ;  a 
paper  (in  1864),  on  large  foot-marks  from  the  Subcarboiiiferous 
red  sandstone  of  Pottsville,  of  which  he  published  a  grand  litho- 
graphic plate,  of  natural  size — the  discovery  carrying  amphibians 
back  geologically  to  an  earlier  penod  than  before  known ;  and 
papers  on  some  feldspars. 

The  establishment  of  this  Journal  in  18 J  8  owes  much  to  Dr. 
r^a,  who  responded  with  zeal  to  a  request  from  Professor  Silli- 
man  for  his  "  kind  countenance  and  favor  "  and  for  "  contributions 
to  its  pages,"  by  procuring  at  once  and  sending  on  (April  3,  1818) 
the  names  of  more  than  a  dozen  subscribers,*  the  last  of  whom 
has  now  passed  away  in  his  own  decease,  after  the  publication  of 
the  132nd  volume. 

Mr.  Lea  was  married  in  1821  to  Miss  Carey,  daughter  of  the 
well  known  Philadelphia  publisher,  Matthew  Carey ;  and  for  thirty 
years  he  was  also  a  partner  in  the  publishing  house.  Mi*s.  Lea, 
a  companion  of  congenial  tastes  and  an.  amateur  in  botany,  espec- 
ially the  department  of  forest  trees  of  America  and  Europe,  died 
in  1873.  Three  children  survive  him,  Henry  Charles  Lea, 
Matthew  Carey  Lea  and  Miss  Frances  Lea. 

Mr.»  Lea  became  a  member  of  the  American  Philosophical 
Society  in  1828;  was  President  of  the  Academy  of  Natural 
Sciences  of  Philadelphia  from  1863  to  1858 ;  and  was  elected  to 
honorary  membership  in  many  foreign  scientific  societies.  He 
received  the  degree  of  Doctor  of  Laws  from  Harvard  in  1852. 
A  complete  detailed  list  of  the  publications  of  Dr.  Lea,  with 
a  biographical  sketch,  is  contained  in  number  23  of  the  Bulletin 
of  the  United  States  National  Museum,  prepared  by  N.  P. 
ScuDDER.  It  speaks  of  Dr.  Lea  in  his  94th  year,  as  still  "  blessed 
with  good  health,  his  mental  and  physical  faculties  unimpaired ;" 
and  so  it  continued  to  be  until  ten  days  before  his  decease. 

The  Rlemenls  of  Chemical  Arithmetic  with  a  short  system  of  Elementary 
Qualitative  Analysis,  by  J.  Milnor  Coit,  Pli.D.  89  pp.  Svo.  Boston,  1886  (D.  C. 
Heath  A  Co.) 

A  Manual  of  Lithology,  by  Edward  H.  Williams.  136  pp.  16mo.  New 
York,  1886  (John  Wiley  A  Sons). 

Causeries  Scientifiques,  Decouvertes  et  Moentions,  Progr^s  de  la  Science  et  de 
I'lndustrie,  par  Henri  de  Parvill,  25  tom  ann^,  1885.  Pans.  1887  (J.  Rothschild). 
A  popular  volume  telling  of  some  of  the  recent  advances  made  in  scientific  thought 
or  investigation. 

Lectures  and  Kssays  by  the  late  Wm.  K.  Clifford,  F.R.S.,  edited  by  Leslie 
Stephen  and  Frederick  Pollock  with  an  introduction  by  F.  Pollock.  Second 
Edition.    443  pp.   8vo.    London  and  New  York,  1886  (Macroillan^  Co.). 

*  A  list  of  these  subscribers,  in  a  letter  from  Dr.  Lea,  is  published  in  volume 
XX vi,  1883,  of  this  Journal,  on  page  79. 
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Art.  X. — Kilauea  after  the  Eruption  of  March^   1886.* 
With  Platen  I  and  XL 

L  Communication  to  Professor  W.  D.  Albxandbb,  Surveyor 
General  of  tJie  Hatoaian  Islands,  by  J.  S.  Emebson,  Assistant 
in  the  survey,  dated  Aug.  27, 1 886:  On  Observations  in  Kilauea 
made  between  March  24th  and  April  Uth,  1886.   (With  Plate  L) 

.  .  .  I  reached  the  Volcano  House  soon  after  noon,  March  24th 
(17i  days  after  the  eruption)  and  remained  three  weeks,  until 
April  14th.  During  much  of  this  time  the  rain,  drizzle  and 
fog  interfered  materially  with  my  work,  but  I  had  enough  clear 
weather  to  accomplish  most  of  what  I  had  proposed  to  do. 

With  the  kina  assistance  of  the  photographer,  Mr.  T.  P. 
Severin,  I  measured  a  base  line,  3532  feet  in  length,  on  the 
plain  above  the  crater,  near  its  northwest  edge.  With  this  base 
line  I  connected  by  triangulation  the  main  points  of  my  survey, 
filling  in  the  details  with  a  telemeter  rod.  Particular  attention 
was  paid  to  measuring  vertical  angles,  from  which  I  was  enabled 
to  compute  the  true  height  of  every  point  located  on  the  ac- 
companying map,  referred  to  the  veranda  floor  of  the  Volcano 
house  taken  as  datum.  In  addition  to  the  information  given 
on  the  map,  I  would  add  the  following. 

*  For  the  communications  here  published,  on  the  condition  of  Kilauea  since  the 
emption  of  the  6th  of  last  March,  the  editors  are  indebted  to  Professor  Alex* 
aoder.  A  brief  account  of  the  eruption  is  contained  in  vol  xxxi,  p.  397  (May, 
1886.) 

Am.  Joub.  Sol— Third  Series,  Vol.  XXXIII,  No.  194.— Febrcart,  1887. 
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During  my  stay  no  molten  lava  was  anywhere  visible  in  the 
entire  crater.  At  certain  points  of  easy  "access.,  a  stick  could 
be  lighted  by  thrusting  it  down  a  crack  so  as  to  bring  it  in 
contact  with  the  red  hot  rocks  beneath.  But  in  general  there 
was  scarcely  a  place  from  which  I  was  prevented  access  on 
account  of  the  heat.  One  of  the  hottest  points  visible  at  the 
time  of  my  first  descent  into  the  crater,  March  25th,  is  indi- 
cated on  the  map  as  Severities  Furnace,  Mr.  Severin  having  taken 
an  excellent  photograph  of  it.  At  that  time,  March  25th, 
its  interior  was  still  red  with  intense  heat,  but  on  my  last  visit 
to  it,  eighteen  days  later,  it  had  so  far  cooled  down  as  to  excite 
no  special  interest  on  account  of  its  heat.  Another  spot  of  con- 
siderable heat  was  a  cone  just  to  the  southwest  of  my  station 
at  BaUma^uma^u  S.  Surrounding  it  were  a  number  of  large 
cracks  in  the  rocky  floor  of  the  crater,  from  which  the  hot  air 
arose  as  from  a  furnace.  By  holding  my  breath  as  I  repeatedly 
passed  over  them,  I  experienced  no  great  discomfort. 

Halemd'uma^u. — On  the  29th  of  March,  in  company  with  a 
tourist  who  had  just  happened  along,  and  two  native  guides, 
from  a  point  at  the  south  side  of  Halema^uma'u,  I  descended 
into  this  pit,  until  then  entered  only  by  the  Rev.  E.  P.  Baker, 
of  Hilo.  The  fragments  of  pahoehoe  ^smooth  lava)  over  which 
I  passed  in  my  descent  presented  considerable  uniformity  as  to 
size.  In  general  they  were  irregular  slabs,  six,  eight  or  more 
feet  long,  perhaps  five  or  six  feet  wide  and  about  a  foot  thick. 
I  would  remark  that  the  greater  portion  of  them  occupied  such 
a  position  that  the  slope  of  their  surfaces  nearly  coincided  with 
the  general  incline  of  the  whole  sunken  floor  of  which  they 
formed  a  part,  though  many  were  tilted  up  on  one  another  in 
a  most  irregular  fashion  by  the  great  fall  occasioned  by  the  re- 
moval of  their  liquid  support  on  the  6th  of  March.  I  would 
also  call  attention  to  the  fact  that  on  this  portion  of  the  floor 
there  was  a  marked  absence  of  small  fragments  or  gravel, 
which  is  to  be  contrasted  with  the  condition  of  the  sides  of  the 
deep  central  pit,  soon  to  be  described.  Though  our  guides 
pointed  out  the  danger  and  risk  we  ran  of  breaking  a  limb  from 
the  upsetting  of  any  of  these  insecure  slabs,  we  took  our 
chances,  and  by  carefully  feeling  our  way  with  our  walking 
sticks,  passed  safely  down  to  a  point  near  the  edge  of  the  great 
central  pit.  At  the  mouth  of  this  pit  the  rough  floor  of  pahoe- 
hoe slabs  came  abruptly  to  an  ena,  leaving  a  nearly  circular 
hole  some  600  feet  in  diameter,  looking  almost  as  if  punched 
out,  from  the  brink  of  which  the  very  regular  sides  sloped 
steeply  down  in  the  form  of  an  inverted  cone.  The  broken 
masses  of  pahoehoe  that  lay  about  the  brink  seemed  to  be  so 
insecurely  supported  as  to  threaten  suddenly  to  give  way  if  dis- 
turbed, and  precpitate  themselves  into  the  depths  below.    For 
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this  reason  I  prudently  refrained  from  trusting  myself  to  their 
support,  and  did  not  approach  near  enough  to  the  sides  to  ex- 
amine the  material  of  which  tfiey  were  composed.  It  presented  a 
regnlar,  lusterless  surface,  quite  free  from  projecting  rocks  and 
also  without  notable  fissures,  and  bore  a  strong  resemblance  to 
coarse  gravel  or  small  fragments  of  broken  lava  rock.  At  a 
depth,  which  I  estimated  at  about  275  feet  below  the  upper 
edge  of  this  pit,  was  the  very  bottom  of  Halema'uma^u,  an 
apparently  smooth  surface  of  black  pahoehoe,  entirely  free 
from  fallen  rocks  or  debris,  approximately  in  the  shaj>e  of  an 
equilateral  triangle  of  about  twenty-five  feet  on  a  side.  It  was 
not  as  level  as  the  surface  of  a  newly  cooled  lake.  A  portion 
rose  somewhat  irregularly  above  the  rest  and  gave  the  impres- 
sion of  a  mass  of  solid  rock  covered  over  with  a  thin  coating 
of  fresh  pahoehoe.  Near  the  northeasterly  vertex  was  a  small 
fissure  from  which  arose  a  slender  column  of  faint  bluish 
smoke.  The  base  of  this  smoke  column  afterwards  served  me 
as  a  convenient  substitute  for  a  flag  in  my  triangulation,  by 
which  I  accurately  determined  the  depth  of  Halema'uma'u  to 
be  900  feet  below  the  datum  at  the  .Volcano  house.  I  daily 
watched  the  smoke  jet  above  described  in  hopes  of  seeing 
some  marked  change,  but  I  was  always  disappointed. 

The  point  of  greatest  interest  to  me  was  within  the  sunken 
area  of  Halema'uma'u,  750  feet  northwest  of  the  smoke  jet  in 
the  central  pit  and  864  feet  above  its  level.  My  attention  was 
first  particularly  directed  to  it  April  5th.  While  engaged  in 
the  survey  of  New  Lake  I  noticed  at  that  time  a  continuous  jet 
of  steam  arising  from  this  point  It  had  burst  through  the 
broken  lava  rock  and  had  already  made  for  itself  an  oval- 
shaped  aperture,  perhaps  five  or  ten  feet  across.  I  thought  I 
had  seen  it  from  the  Volcano  house  for  a  day  or  two  before, 
bat  had  not  made  any  special  note  of  it.  I  now  began  to 
watch  it  carefully.  The  next  morning,  on  observing  it  with  a 
glass  from  the  Volcano  house,  there  was  a  marked  change  in 
its  appearance,  and  I  soon  saw  that  it  was  no  longer  a  jet  of 
pure  white  steam,  but  of  pale  bluish,  sulphurous  smoke.  The 
continued  rainy  weather  prevented  my  visiting  it  again  until 
April  8th,  when  I  observed  that  the  size  of  the  aperture,  as 
well  as  the  volume  of  smoke  had  greatly  increased.  After 
another  vexatious  delay  of  several  days  owing  to  rainy 
weather, — wind  from  the  northeast,  regular  trades, — I  made 
my  final  visit  to  it  on  the  12th  of  April,  when  through  the 
rift  in  the  smoke,  which  was  now  pouring  out  from  this  elon- 
gated aperture,  I  saw  the  newly  formed  bank  of  glistening 
sulphur  on  the  southwest  side.  As  I  was  surveying  in  that 
vicinity  I  had  occasion  to  occupy  the  station  which  I  had 
already  fixed  at  HalemdlumcHu  TF.,  on  the  edge  of  the  precipice 
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overlooking  the  great  abyss.  Mj  cautioas  native  guide  warned 
me  that,  as  the  station  was  directlv  to  the  leeward  of  the  smoke 
jet,  I  would  do  well  to  avoid  it,  for  fear  of  being  suffocated  by 
the  sulphurous  fumea  In  spite  of  his  warnings,  I  set  up  my  in- 
strument at  this  station  and  continued  my  work  without  regard 
to  the  smoke,  which  was  blown  by  the  wind  directly  toward 
me,  passing  a  few  feet  over  my  head.  I  noted  by  my  watch 
the  length  of  my  stay  at  this  spot  to  be  over  thirty  minutes. 
During  that  time  the  plumb  bob  of  my  instrument  was  con- 
siderably tarnished,  but  though  at  times  I  was  obliged  to  stand 
aside  for  a  moment  to  avoid  the  smoke,  I  suffered  no  special 
discomfort  either  then  or  afterward. 

New  Lake  and  Litde  Beggar. — On  the  6th  of  April,  followed 
by  my  native  guide,  I  explored  the  abyss  formerly  occupied  by 
the  ITew  Lake,  and  set  up  a  flag  at  one  of  its  lowest  points 
marked  on  the  map  Inferno.  Entering  the  lif^^  acre  sunken 
district  at  a  point  near  Central  rock,  I  passed  over  a  number 
of  cracks  in  tne  inclined  floor  of  pahoehoe  from  which  arose  a 
considerable  volume  of  heated  air,  and  paused  for  a  moment  at 
a  still  hot  cone,  now  fallen  in  and  rapidly  cooling  off.  It  had 
formerly  been  a  most  conspicuous  object.  To  distinguish  this 
small  caldron  of  molten  matter  (once  visible  down  its  throat) 
from  the  great  lakes  of  liquid  rock,  it  had  been  dubbed  the 
"Little  Beggar."  Passing  over  the  old  trail  to  Halema'uma'u 
I  came  to  the  edge  of  what  had  been  called  the  "  Bridge,'*  be- 
tween the  two  lakes.  From  this  point  the  descent  into  the 
Little  Beggar  was  quite  abrupt,  and  the  whole  character  of  the 
rocky  surface  assumed  a  verv  different  appearance.  A  lar^e 
portion  of  the  bottom  of  tbe  lake  was  composed  of  huge,  solid 
bowlders,  as  rounded  and  smoothed  as  if  worn  by  some  moun- 
tain torrent.  They  were  covered  about  an  inch  in  thickness 
with  a  fresh  coating  of  black  vitreous  enamel,  left  adhering  to 
them  when  the  molten  contents  of  the  lake  had  sunk  from  view 
on  the  6th  of  March.  This  enamel  was  very  brittle,  and,  under 
the  sharp  blows  of  ray  walking  stick,  broke  in  pieces,  exposing 
the  solid  rock  beneath.  The  general  appearance  of  the  floor 
was  that  of  a  series  of  well-rounded  hillocks  and  hollows,  uni- 
formly covered  with  the  black  coat  already  referred  to.  There 
was  a  marked  absence  of  broken  or  angular  fragments.  At  the 
base  of  the  vertical  wall,  directly  beneath  New  Lake  1,  was  a 
spot  of  considerable  heat,  much  greater  than  that  of  any  other 
place  in  tbe  lake,  (or  what  was  the  lake  until  the  eruption). 
It  was  evidently  the  upper  extremity  of  the  shaft  which  had 
connected  the  boiling  lava  in  the  lake  with  the  depths  beneath. 
The  sides  of  the  wall  above  it  and  the  vertical  faces  of  the 
massive  rocks  on  its  northwestern  side  formed  an  arc,  some- 
what circular,  of  perhaps  ten  feet  radius.     They  showed  the 
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peculiar  glazed  surface  characteristic  of  all  similar  shafts  in  the 
volcanic  districts  of  Hawaii.  Its  bottom,  which  I  judged  to 
be  at  about  the  level  of  the  point  marked  Inferno^  was  closed 
with  the  fresh,  shining  black  lava  which  had  solidified  as  the 
retreating  column  had  fallen  to  a  lower  level.  Near  the  south- 
western portion  of  the  pit  lay  the  huge  hulk  of  the  now 
stranded  "  Floating  Island,"  a  great  mass  of  firmly  cohering 
rock  which,  for  more  than  four  years  previous  to  the  sinking  of 
the  lake,  had  been  floating  like  an  iceberg  and  slowly  chang- 
ing its  position  on  the  molten  flood.  It  now  towered  over 
sixty  feet  above  its  base  on  the  bottom  of  the  abyss  and  ex- 
tended, I  should  judge,  full  a  hundred  feet  in  length.  Piled 
against  the  southwestern  base  of  the  "Floating  Island"  was  a 
mass  of  loose  rock  which  had  fallen  from  the  sides  above. 
Save  at  this  point  and  at  the  end  from  which  I  had  entered,  the 
nearly  vertical  sides  of  the  lake  roee  unbroken  from  the  surface 
of  the  bottom  to  a  height  above  the  lowest  point  of  154  feet 
on  the  eastern  side  ana  166  feet  on  the  western  side.  These 
side  walls,  at  least  their  lower  portions,  appeared  to  be  of  solid 
reck  which  had  long  been  in  direct  contact  with  the  intensely 
heated  molten  lava  that  until  recently  had  filled  the  lake.  The 
sides  as  well  as  the  bottom  were  free  from  rents  and  cracks  or 
any  break  by  which  the  lava  could  have  escaped.  And  they 
were  everywhere  coated  with  the  black  vitreous  enamel  which 
was  a  marked  characteristic  of  the  "  New  Lake."  There  was 
no  direct  lateral  connection  with  Halema'uma'u  to  be  seen. 
The  evidence  seems  to  point  to  the  conclusion  that  the  lava 
passed  out  of  New  Lake  on  the  6th  of  March  by  the  same 
shaft  at  its  bottom  by  which  it  had  entered. 

Very  diflTerent  was  the  condition  of  the  treacherous  sides  of 
the  abyss  of  Halema'uma'u.  TheVe,  yawning  fissures,  with 
masses  of  rock  just  tottering  to  their  fall,  warned  me  to  be  very 
cautious  in  approaching  the  ragged  edges  of  this  still  widening 
area  of  ruin.  From  time  to  time  witn  a  loud  crash  a  portion 
of  a  cliflF  would  fall  a  hundred  and  fifty  feet  or  more,  and  dash 
itself  to  pieces  on  the  sunken  floor  below,  raising  clouds  of 
dost  It  seems  likely  that  this  was  what  gave  rise  to  the  re- 
port that  much  smote  was  rising  from  the  lakes,  for  during 
the  three  weeks  of  my  stay,  there  was  no  other  smoke  jet 
worthy  of  mention  but  the  two  already  described. 

Of  steam  jets  in  Kilauea  the  number  was  very  variable, 
and  seemed  to  depend  greatly  on  the  condition  of  the  weather 
and  the  hour  of  the  day.  At  times,  especially  in  the  morning, 
the  whole  crater  was  almost  entirely  free  from  them,  while  after 
a  shower  of  fain,  particularly  in  the  afternoon,  they  were  very 
numerous,  and  with  the  mist  which  often  accompanied  them, 
rendered  the  work  of  surveying  impossible. 
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Outside  of  Kilauea,  in  addition  to  the  large  namber  of  steam 
jets  which  are  a  prominent  feature  of  the  landscape  about 
the  Volcano  house,  there  was  a  large  rent  in  the  earth  crossing 
the  road  by  which  we  came  from  Keauhou,  extending  in  a 
southeasterly  direction,  at  a  point  about  two  miles  from  the 
Volcano  house.  It  was  formed  at  the  time  of  the  sinking  of 
the  lakes,  and  when  I  observed  it,  on  the  24th  of  March,  the 
steam  was  still  coming  up  from  a  considerable  depth.  A  few 
days  later,  on  a  visit  to  "  Kilauea  Iki,"  a  deep  and  apparently 
extinct  crater  to  the  east  of  the  main  crater  of  Kilauea,  I 
crossed  a  similar  rent,  formed  at  the  same  time,  nearer  to  the 
volcano,  from  which  in  like  manner  the  steam  was  freely 
arising.  I  was  also  particularly  interested  in  a  line  of  steam 
jets,  stretching  away  for  miles  to  the  southwest,  arising  from 
the  steam  cracks  of  1868,  the  general  direction  of  which,  as 
observed  by  prismatic  compass,  was  S.  44°  W.  On  the  26th 
of  April  I  examined  a  number  of  these  steam  jets,  and  found 
that  in  every  case  the  sides  about  the  orifice  from  which  they 
arose  were  well  covered  with  moss,  proving  that  they  were  of 
an  older  date  than  the  6th  of  March.  On  the  northwest  side 
of,  and  running  parallel  with,  the  great  steam  cracks  of  1868, 
were  a  number  of  smaller  cracks  in  the  extended  plain  of 
pumice.  There  were  also  a  few  on  the  southeast  side.  But  in 
no  case  did  I  see  any  steam  arising  from  them.  "The  vertical 
section  of  some  thirty  feet  or  more  in  the  sides  of  some  of  these 
fresh  cracks  furnished  an  excellent  opportunity  to  study  the 
arrangement  of  the  successive  layers  oi  pumice,  gravel,  and  fine 
sand  which  made  up  the  mass  of  the  great  plains  stretching  for 
miles  to  the  southwest  of  the  crater.  It  was  doubtless  the 
ejecta  of  the  volcano,  which,  blown  thither  by  the  wind,  and 
accumulating  for  ages,  must  have  attained  considerable  depth. 

I  was  obliged  to  leave  unsurveyed  a  portion  of  the  sunken 
district  to  the  southwest  of  the  station,  marked  on  the  map 
HalemoLumcCu  S.  It  was  an  irregular  district,  of  some  ten 
acres  extent,  whose  average  subsidence  I  judged  to  be  not  over 
len  feet,  save  in  that  portion  which,  sloping  rapidly  down  and 
connecting  with  the  great  abyss  of  Halemj?uma'u,  I  found  had 
fallen  twenty  feet  and  more.  It  lay  nearly  on  the  direct  line 
from  the  central  pit  of  Halema'uma'u  to  the  steam  cracks  of 
1868.  On  the  25th  of  March  I  remarked  the  great  heat  of 
portions  of  this  district,  and  on  the  afternoon  of  the  12th  of 
April,  as  I  crossed  it  for  the  last  time,  I  observed  that  while 
the  crater  had  been  decidedly  cooling  down  as  a  whole,  this 
portion  had  retained  its  heat  in  a  marked  degree,  and  was 
without  doubt  the  hottest  part  of  its  entire  area.  The  heated 
air  still  arose  from  it  as  from  a  furnace,  and  the  steam  jets 
from  its  fissures  seemed  unusually  numerous  and  active. 
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Having  now  described  the  appearance  of  things  as  I  had 
observed  theni)  I  will  in  conclusion  call  attention  to  some  of 
the  facts  bearing  on  the  cause  of  the  great  changes  which  had 
so  lately  taken  place.  On  the  east  side  of  New  Lake,  some 
time  a^o,  a  small  stone  wall  had  been  erected  to  shield  those 
who  wished  to  watch  the  lake  at  night  from  the  wind  and  rain. 
The  base  of  this  wall  I  found  to  be  842  feet  below  the  Volcano 
house.  Mr.  J.  H.  Maby,  the  manager  of  the  Volcano  house, 
very  kindly  gave  me  a  statement  of  the  height  of  the  surface 
of  the  lava  in  the  New  Lake  at  various  intervals  from  Dec.  1st, 
1885,  up  to  the  Ist  of  March,  1886,  as  referred  to  the  spot 
where  this  stone  wall  stood,  and  in  his  opinion  the  heights  thus 
given  would  be  true  as  well  for  the  surface  of  the  lava  in  Hal- 
ema'uma'u,  as  there  was  no  perceptible  difference  in  the  eleva- 
tion of  the  molten  surfaces  of  these  two  lakea  Though  not 
claiming  t«>  be  exact,  these  statements,  coming  as  they  do  from 
an  intelligent  eye-witness  thoroughly  familiar  with  the  local- 
ity, may  be  accepted  as  reliabla  From  them  I  am  enabled  to 
give  the  heights  of  the  lava  columns  in  these  lakes  at  the  vari- 
ous dates  entered  upon  my  map.  From  these  figures  it  will  be 
seen  that  the  level  of  the  lava  in  the  lakes  was  rapidly  rising 
during  this  time.  During  the  fifteen  days  commencing  Dec. 
1st,  1885,  it  rose  from  12  to  14  feet,  an  average  of  0*87  feet  per 
day.  During  the  next  sixteen  days  from  Dec.  15th  it  rose 
from  18  to  21  feet,  an  average  of  1*22  feet  per  day.  On  the  1st 
of  January,  1886,  it  stood  some  10  or  15  feet  above  the  stone 
wall,  and  by  the  cooling  and  solidifying  of  its  edges  had  raised 
the  walls  of  the  lake  at  that  point  a  corresponding  amount 
Though  the  lake  still  continued  to  rise  and  build  up  its  walls, 
it  had  found  partial  relief  by  a  surface  flow  to  the  northeast, 
which  eventually  covered  an  extended  tract  of  the  desolate 
waste  of  pahoehoe  which  formed  the  floor  of  the  crater.  As  it 
cooled  it  was  difficult  to  distinguish  the  outline  of  this  new 
flow  from  those  which  had  preceded  it  One  of  the  points, 
which  it  reached  a*  few  days  before  it  ceased,  I  have  located  b^ 
my  Pahoehoe  station  on  the  accompanying  map,  from  which  it 
appears  that  it  had  flowed  a  mile  and  a  half  at  an  average 
grade  of  1"77  feet  per  100  feet  At  the  same  time  there  was  a 
smaller  flow  to  the  northwest  Halema'uma'u  meantime  was 
also  overflowing  and  extending  the  rocky  floor  of  the  crater  to 
the  southeast  and  south,  covering  up  the  old  beds  of  gravel  in 
those  directions.  Apparently  on  account  of  the  loss  of  matter 
by  these  flows,  the  rise  of  the  lava  column  in  the  New  Lake 
was  from  that  time  very  much  retarded.  During  the  59  days 
beginning  with  the  1st  of  January,  1886,  it  rose  from  20  to  25 
feet,  an  average  of  only  0*37  feet  per  day.  On  the  Ist  of  March 
it  stood  from  30  to  40  feet  above  the  stone  wall,and  at  an 
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equal  height  above  the  level  of  the  top  of  Boulder's  monu- 
ment, while  the  cone  which  it  had  formed,  like  a  little  mount- 
ain, towered  to  a  considerably  greater  height.  The  weak  sides 
of  the  crater  could  not  long  resist  the  immense  pressure  of  such 
a  liquid  column.  As  long  ago  as  1868,  they  had  been  badly 
rent,  and  it  needed  but  a  slight  disturbance  to  cause  them  now 
to  give  way  and  allow  the  liquid  free  exit  The  coincidence 
of  the  collapse  of  the  Jakes,  following  so  closely  upon  the  solar 
eclipse  of  April  5th,  suggests,  as  Mr.  C.  J.  Lyons,  of  the  Gov- 
ernment Survey,  has  pointed  out,  the  possible  influence  of  the 
united  pull  of  the  sun,  moon  and  Venus  upon  our  planet  as 
determining  the  time  for  the  sides  of  the  overstrained  caldron 
to  give  way.  Be  that  as  it  may,  the  time  had  come,  and  the 
whole  column  sank,  within  a  few  hours,  a  vertical  distance  of 
from  587  to  597  feet,  disappearing  in  the  depths  below.  Mr. 
Maby  observed  that  the  fire  first  went  out  in  New  Ijake,  some 
little  time  before  its  final  disappearance  from  Halema'uma'u. 
This  would  naturally  be  the  case  from  its  comparatively  shal- 
low depth,  as  the  molten  mass  was  being  drained  away  from 
the  two  lakes  into  the  common  reservoir  or  duct  of  exit 
beneath. 

While  a  portion  of  the  escaping  lava  may  have  taken  a 
southeasterly  course,  indicated  by  the  large  fissure  in  that 
direction,  already  alluded  to,  a  number  of  indications  and  con- 
siderations lead  to  the  supposition  that  the  greater  part,  follow- 
ing the  line  of  least  resistance,  found  its  way  into  the  great 
fissures  of- 1868,  and,  from  the  spongy  nature  of  the  district 
through  which  its  course  lay,  readily  found  all  the  space 
needed  to  contain  its  entire  volume  without  coming  to  the  sur- 
face or  entering  the  sea.  It  has  been  affirmed  that  the  steam 
jets  along  the  fissures  of  1868  showed  greater  activity  immedi- 
ately after  the  subsidence  of  the  lakes  than  at  any  time  for 
months  before.  If  this  be  true,  it  becomes  an  indication 
strongly  favoring  the  above  supposition. 

The  numerous  cracks  and  fissures  running  parallel  with  the 
great  steam  cracks  may  then  possibly  be  explained  as  follows : 
As  the  subterranean  lava  stream  forced  its  way  through  these 
steam  cracks,  it  would  naturally  compress  and  force  upward 
the  spongy  mass  on  either  side  of  their  walls.  But  when  the 
swollen  stream  had  passed  along  and  this  pressure  was 
removed,  a  portion  of  the  inelastic  mass  woula  fall  back  to 
nearly  its  former  position,  while  another  portion,  adjusting 
itself  to  its  new  position,  would  remain  separated,  and  a  new 
crack  would  thus  be  formed.  The  escaping  steam,  however, 
would  find  its  natural  outlet  through  the  fissures  most  directly 
over  its  course,  instead  of  seeking  exit  by  any  crack  removed 
to  one  side  of  it     I  have  already  remarked   that  this   was 
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actually  the  case  at  the  time  of  my  visit.  When  we  add  to 
this  the  fact  of  the  unsurveyed  area  of  depression  being  in  the 
line  of  these  cracks,  with  the  continued  heat  of  portions  of  it 
and  the  number  of  steam  jets  there,  the  conclusion  arrived  at 
seems  the  more  probable. 

In  closing,  I  would  acknowledge  my  indebtedness  to  the 
Hon.  S.  Gr.  Wilder  for  substantial  courtesies  extended  to  me 
during  my  long  stay  at  the  Volcano  house;  also  the  use  I 
have  made  of  the  excellent  map  of  Kilauea,  made  by  William 
T.  Brigham  in  the  year  1865,  from  which  I  have  extensively 
copied,  to  show  the  relations  of  my  survey  to  the  general  area 
of  the  crater. 


n.  Observations  of  L.  L.  Van  Slyke,  Professor  of  Chemistry 
and  Natural  Science  and  Grovemment  Chemistry,  Honolulu,  on 
JSTilatiea,  in  July^  1886. 

I  made  my  first  visit  to  the  volcano  of  Kilauea  last  July,  a 
little  over  three  months  after  Mr.  J.  S.  Emerson's  visit,  and 
remained  there  from  the  19th  of  July  to  the  24th.  I  descended 
twice  into  the  crater,  rainy  weather  preventing  further  observa- 
tions'that  had  been  planned.  The  first  trip  down  was  made  on 
July  21st,  when  I  remained  in  the  crater  from  10  A.  M.  until 
8  P.  M. ;  my  second  visit,  two  days  later,  on  July  23d,  when  I 
remained  from  11  A.  M.  to  3  P.  M. 

Great  changes  had  taken  place  in  the  pit  of  the  crater, 
Halema'uma^u,  since  Mr.  Emerson's  visit  In  the  first  place,  a 
general  upheaval  had  occurred  in  the  center  of  Halema'uma'u  ; 
and,  secondly,  liquid  lava  had  reappeared. 

The  steam  cracks  described  hjr  Mr.  Emerson  were  in  about 
the  same  condition  in  July  as  at  the  time  of  his  visit  The 
places  on  the  map  marked  "  Furnace  "  and  **  Severin's  Furnace  " 
were  very  warm  inside,  but  the  heat  was  not  great  enough  to 
prevent  one  from  going  within  and  remaining  a  few  minutes. 
Only  one  red-hot  crack  was  seen,  and  this  was  not  far  from 
"Central  Eock,"  in  the  direction  of  "  Halema'uma'u  A." 

Before  speaking  of  the  appearance  and  location  of  the  places 
where  molten  lava  could  be  seen,  I  will  try  to  describe  the 
appearance  of  the  pit  as  I  saw  it  and  to  indicate  the  changes 
that  had  occurred  between  April  and  July. 

At  "  Halema'uma'u  A,"  you  are  upon  the  brink  of  a  preci- 
pice several  hundred  feet  high,  indicated  by  the  black  line  on 
the  map,  ex  tending. around  southward  beyond  "Halema'uma'u 
W  "  on  one  side,  and  eastward  to  "  New  L&ke  "  on  the  other  side. 
Just  opposite  this  part,  inside  of  the  area  bounded  by  this  high 
precipice  and  nearly  parallel  to  it,  at  a  distance  of  perhaps  from 
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400  to  1000  feet,  there  rises  a  very  steep  hill  of  loose  rocks, 
perhaps  150  feet  high,  the  base  of  which  extends  from  the  west 
wall  in  a  rather  direct  line  to  the  "Peninsula,"  or  farther.  Thus, 
between  the  wall  around  the  pit  and  this  hill  of  loose  rocIcH, 
there  is  a  deep  trough-like  depression.  At  the  "  Smoke  Jet," 
near  "Halema'uma'u  W  "  the  height  of  this  hill  of  loose  rocks 
suddenly  drops  to  perhaps  80  feet,  at  which  height  the  hill 
continues  to  the  nearest  point  in  the  west  wall.  The  "  Smoke 
Jet"  is  located  in  the  side  of  the  hill  just  where  the  height 
drops  down.  This  hill  was  found  to  extend  on  farther,  being 
more  or  less  clearly  defined  all  the  way  around,  so  as  to  form 
really  an  immense  cone  with  an  oval  or  irregularly  elongated 
base.  This  immense  cone  covers  the  site  occupied  by  the  deep 
central  pit  described  by  Mr.  Emerson,  as  far  as  I  can  determine, 
— indicating  that  a  general  upheaval  or  rise  of  material  had 
taken  place  in  this  part;  for  instead  of  a  pit  in  the  shape  of  an 
inverted  cone  there  had  appeared  on  its  site  an  upright  cone  of 
lava  rocks.  The  bottom  of  **  New  Lake  "  appeared  to  be  cov- 
ered with  loose  rocks.  I  did  not  explore  this  part  at  all  care- 
fully. 

Molten  lava  was  visible  in  three  diflferent  places.  Two  of 
these  were  deep  holes  or  wells,  the  other  a  'Make,"  covering 
perhaps  five  acres.  I  will  describe  these  in  the  order  in  which 
I  visited  them. 

Starting  at  a  point  between  ^* Little  Beggar"  and  "New 
Lake  1,"  \.  crossecl  the  sunken  **  Bridge,"  and  went,  in  nearly  a 
straight  line,  toward  the  center  of  Halema'uma*u.  For  a  little 
distance  the  route  was  down  a  moderate  grade,  but  later  it 
became  very  steep,  when  I  came  to  the  base  of  the  cone  of  loose 
stones  just  described.  The  passage  was  over  large  slabs  of 
pahoehoe  such  as  Mr.  Emerson  describes.  Ascending  the  cone 
part  way,  I  came  to  the  edge  of  a  deep  hole  or  well,  of  rather 
irregular  outline,  four-sided,  perhaps  30  or  40  feet  wide,  and 
from  60  to  75  feet  long,  and  not  less  than  100  feet  deep.  The 
mouth  was  surrounded  by  masses  of  loose  rocks,  rendering 
approach  to  the  edge  impossible  or  very  dangerous,  except  at 
one  point;  from  this  point  I  could  see  the  bottom  of  the  well, 
and  that  it  was  covered  with  hardened  fresh  pahoehoe.  At  one 
side  the  liquid  lava  could  be  seen  as  it  was  puffed  out  of  a 
small  hole  every  few  seconds  and  thrown  up  a  few  feet.  The 
puffing  noise  accompanying  the  ejection  of  the  lava  was  quite 
like  that  of  a  railway  locomotive,  though  louder.  The  aperture 
through  which  the  lava  was  thrown  out  might  have  been  three 
feet  long  and  two  feet  wide.  Immediately  beneath  the  point 
where  I  was  standing,  there  seemed  to  be  a  constant  and 
tremendous  commotion,  attended  by  a  peculiar  swashing  noise, 
but  I  could  not  lean  sufficiently  far  over  with  safety  to  see  any- 
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thing.  Fumes  of  sulphur  dioxide  were  coming  up  in  abund- 
ance, but  being  on  the  windward  side  I  was  not  greatly  an- 
noyed by  them. 

Leaving  this  place,  I  went  back  some  distance  toward  '*New 
Lake,"  and  then  made  a  detour  in  the  direction  of  ^^Hale- 
ma'uma'u  S.E."  From  near  this  point  I  went  again  toward 
the  center  of  Halema'uma'u  over  a  route,  probably,  quite  near 
"  Emerson's  descent  of  March  29th."  This  led  to  a  second  well 
or  deep  hole  where  molten  lava  was  visible.  This  well  was 
nearly  round,  with  a  diameter  of  perhaps  20  or  30  feet,  and  a 
depth  of  about  100  feet  At  one  point  the  edge  could  be  safely 
approached,  but  as  it  was  on  the  leeward  side,  the  fumes  of  sul- 

fnur  dioxide  could  be  endured  only  for  a  few  seconds  at  a  time, 
iike  the  other  well,  the  sides  w6re  perpendicular.  At  the 
bottom  was  a  cone  having  an  opening  at  the  top  perhaps  10  feet 
across,  and  inside  liquid  lava  was  boiling  with  intense  violence, 
every  few  seconds  throwing  up  a  jet  of  lava,  the  spray  of  which 
came  to  the  mouth  of  the  well,  almost  into  my  face.  The  drops 
of  lava  thrown  to  the  mouth  of  the  well  had  cooled  enough  to 
become  hardened  and  black  when  they  reached  the  level  on 
which  I  was  standing.  This  place  was  quite  noisy,  the  noise 
resembling  that  of  violently  swashing  waters. 

Besides  the  deep  holes  just  described,  there  was,  as  men- 
tioned above,  a  "  lake  "  of  liquid  lava.  It  was  situated  imme- 
diately beneath  the  west  wall,  or  that  of  "  Halema'uma'u  W  " 
It  was  in  the  bottom  of  the  deep  trough  formed  by  the  west 
wall  and  the  cone-like  hill  of  loose  rocks.  It  extended  from 
the  "Smoke  Jet"  a  distance  of  400  feet  approximately.  The 
best  point  for  observing  it  was  near  "  Halema'uma'u  A," 
although  this  was  1,200  feet  distant  or  farther.  It  was  too 
dangerous  to  attempt  to  get  a  view  of  the  lake  from  **  Hale- 
ma'uma'u  W  *'  or  any  portion  of  the  wall  in  that  neighborhood, 
for  the  edge  of  the  precipice  was  mostly  of  loose  stones  and  a 
slight  giving  way  of  the  embankment  would  precipitate  one 
150  feet  below  into  the  lake.  It  was  possible  to  get  down  to 
the  edge  of  the  lake,  but  very  hazardoua  The  lava  first 
appeared  just  under  "  Halema'uma'u  W  "  and  extended  south 
along  the  west  wall  a  short  distance.  Gradually  the  lava  over- 
flowed until  the  lake  was  extended  to  "  Smoke  Jet,"  althoi;igh 
this  latter  part  was  a  few  feet  below  the  rest  From  the  fact 
that  one  part  of  the  lake  is  elevated  above  the  other,  the  lake 
has  been  spoken  of  as  two  lakea 

On  the  occasion  of  my  first  visit,  I  took  ray  station  at 
"  Halema'uma'u  A''  about  noon  to  watch  the  lake.  When  I 
first  saw  it,  the  entire  surface  was  hardened  and  black,  the  only 
sign  of  volcanic  activity  being  little  steam  jets  here  and  there. 
After  watching  about  an  hour,  I  saw  some  liquid  lava  burst 
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through  the  black  crust  and  flow  a  short  distance,  when  it 
quickly  became  black  and  hard.  These  little  outbreaks  and 
flows  of  lava  were  taking  place  in  various  places  on  the  surface 
of  the  lake  during  the  whole  afternoon.  In  the  evening  at  7:16 
a  very  large  outburst  of  lava  came  from  the  lake  immediately 
below  Halema*uma*u  W,  and,  flowing  in  the  direction  of 
**  Smoke  Jet,"  overspread  a  large  portion  of  the  surface.  After 
this  the  outflows  were  quite  frequent  and  large  during  the 
next  half  hour.  Little  noise  coala  be  heard  from  our  position. 
The  ^*  Smoke  Jet "  was  pouring  out  large  volumes  of  bluish 
smoke,  depositing  sulphur  about  the  place  of  exit. 

At  the  time  of  my  second  visit,  two  days  later,  I  again  took 
my  position  for  watching  the  lake  at  Halema'uma'u  A.  There 
was  evidently  greater  activity.  The  surface  of  the  lake  had 
been  visibly  raised  by  the  constant  outpouring  and  hardening 
of  lava.  At  this  time  there  was  a  great  deal  of  noise,  both  of 
puffing  and  swashing.  On  the  surface  of  the  lake,  at  a  point 
near  the  wall  immediately  below  Halema'uma^u  W,  there  was 
a  place  six  or  eight  feet  long  and  four  or  five  feet  broad,  where 
the  red-hot  lava  was  in  constant  view,  boiling  over  continuously 
and  flowing  away,  and  occasionally  shooting  up  several  feet 
into  the  air. 

About  the  middle  of  July  lava  appeared  in  Halema'uma'u 
just  beneath  the  wall  at  Halema'uma'u  A.  I  saw  the  fresh 
pahoehoe  at  this  particular  place,  but  there  was  no  further  evi- 
dence of  renewed  activity  at  this  point  during  my  stay. 

in. — TtepoH  to  Prof.  W.  D,  Alexander,  o/Mr.  Frank  S.  Dodge, 
Assistant  Surveyor  and  Draughtsman,  made  Nov.  16,  on  the 
Survey  of  Kilauea  in  the  last  week  of  September  and  the  first 
of  October,  1886.     With  Plate  II. 

I  herewith  submit  the  following  report  of  my  visit  to 
Kilauea,  Hawaii,  for  the  purpose  of  surveying  the  crater  and 
vicinity,  under  the  direction  of  the  Bureau  of  Surveying.  .  .  . 

Leaving  Hilo  bv  the  steamer  Kinau,  on  the  evening  of  Sept 
23d,  '86,  I  landed  at  Keauhou  early  the  following  morning, 
and  reached  the  Volcano  House  shortly  before  noon.  The 
weather  being  favorable  for  surveying,  a  part  of  the  afternoon 
was  devoted  to  triangulation  for  the  purpose  of  determining 
what  changes  had  taken  place  since  the  last  survey  was  made 
by  Mr.  J.  S.  Emerson,  in  March  and  April.  From  the  trian- 
gulation I  concluded  that  no  material  change  had  occurred  in 
the  general  outline  of  the  sunken  district,  covering  the  sites  of 
Halema*uma'u  and  the  so-called  "  New  Lake." 

At  the  very  first  opportunity  I  took  careful  observations  to 
ascertain   the  height  of  two  hills  which   had  formed  in  the 
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Halema'uma'a  pit,  and  later  observations  taken  from  the  same 
station  and  under  similar  circumstances,  showed  that  the  hills 
were  rising  at  the  rate  of  nearly  one  foot  per  day.  .  .  . 

Having  exhausted  my  supply  of  flags,  I  continued  my  walk 
along  the  eastern  side,  examining  the  ground  carefully  for  proper 
locations  for  new  stations,  ana  visiting  the  very  interesting 
small  craters  of  Kilauea  Iki  and  Keanakakoi.  The  former  is 
about  3300  feet  in  length  from  east  to  west,  and  2800  feet 
from  north  to  south,  with  regularly  sloping  walls,  completely 
covered  with  a  dense  growth  of  small  Ohia  trees,  ferns,  etc. 
Iq  March  last,  at  the  time  of  the  disturbance  in  Kilauea,  a  land- 
slide occurred  on  the  northeast  side  of  Kilauea  Iki,  leaving  the 
face  of  the  cliff  bare  from  top  to  bottom,  and  showing  all  the 
strata  distinctly.  The  depth  of  this  crater  was  found  to  be  719 
feet  fh)m  the  point  at  the  end  of  the  path  from  the  Volcano 
House,  or  867  feet  below  the  Volcano  House  veranda — which 
has  been  taken  as  a  datum  for  all  elevations  connected  with 
Kilauea. 


Map  of  Halema'uma'u ;  from  th  map  of  Kilauea  by  Mr.  Dodge,  of  which  Plate 
11  ifl  a  reduced  copy.  N.  L.,  New  Lake ;  L.  B.,  Little  Begj^ar;  C.  R.,  Central  Rock. 
A,  W,  S,  SE  positions  Halema'uma'u  A,  W,  S,  SE  of  text.  Level  below  that 
of  the  datum  mark  at  the  Volcano  House  at  a,  335-2  ;  6,  350-4 ;  c,  366 ;  rf,  3445 ; 
«,  331-8 ;  /,  337-4 ;  g,  834 ;  ^,  3213  ;  i,  360  ;  k,  329*6  (t  and  A  on  the  cone). 

Keanakakoi  is  1600  feet  in  length  and  1100  in  width  and 
approximately  400  feet  in  depth,  with  almost  vertical  walls, 
bare  of  vegetation,  and  a  very  smooth  floor  of  pahoehoe. 

From  careful  study  of  Mr.  Emerson's  map,  and  from  obser- 
vations made  during  five  visits  to  the  locality,  I  conclude  that 
there  has  been  no  change  in  the  **  New  Lake  "  depression,  or  in 
the  "Bridge"  between  that  and  Halema'uma'u,  and  very  little 
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change  in  the  main  walls  of  the  larger  pit.  I  think  a  small 
portion  of  the  wall  near  the  northeast  corner  has  fallen  in 
quite  recently,  covering  a  part  of  the  new  floor  of  pahoehoe 
with  great  masses  of  irregularly  broken  rock.  As  far  as  I  was 
able  to  examine  it,  I  could  discover  no  other  change  in  the  out- 
line. But  since  the  survey  of  March- April,  there  have  been 
great  and  important  changes  going  pn  in  the  pit  of  Halemau'- 
ma'u,  the  present  scene  of  activity  m  Kilauea.  The  approxi- 
mate center  of  the  sunken  tract  is  now  occupied  by  an  irregular 
pit  or  **  lake " — surrounded  by  a  range  of  hills,  which  were 
carefully  located,  but  which  prevented  mo  from  obtaining  the 
exact  size  of  the  "lake."  This  range  of  hills,  or  ridge,  is 
nearly  circular  in  form  (see  preceding  figure),  and  the  distance 
from  summit  to  summit  across  the  pit  from  northeast  to  south- 
west is  1080  feet,  from  east  to  west  1100  feet  and  930  feet 
from  northwest  to  southeast  Lwas  unable  to  learn  the  con- 
dition of  the  central  pit  from  close  personal  observation,  but 
from  the  flashes  of  light  seen  over  it  at  night,  I  judged  that 
there  was  some  action,  and  the  native  guide,  who  had  lately 
visited  it,  informed  me  that  there  was  "plenty  fire." 

In  various  places  on  the  sides  of  the  encircling  hills,  or  ridge, 
which  are  formed  of  fine,  loose  material  and  angular  blocks 
of  stone,  thefe  were  many  openings  which  emitted  dense,  blu- 
ish white  smoke,  and  steam  under  considerable  pressure.  The 
mouths  of  the  openings  were  coated  with  deposits  of  sulphur 
and  many  of  them  glowed  with  red  heat  at  night.  The  space 
between  the  base  of  these  hills  and  the  foot  of  the  pali  or  wall, 
on  all  sides,  was  being  filled  gradually  by  small  flows  of  pahoe- 
hoe from  vents  all  over  the  floor  of  the  pit.  Around  the  base 
of  the  hills  and  at  various  points  near  the  pali,*were  many  small 
cones  and  "  blow-holes"  which  sent  up  quantities  of  smoke  and 
steam.  In  the  extreme  eastern  portion  of  the  pit  were  immense 
blocks  of  lava  piled  up  in  confusion ;  and  parts  of  the  eastern 
wall  that  had  fallen  in  at  the  time  of  the  great  collapse,  but  the 
remainder  of  the  floor  was  nearly  level  and  slowly  rising. 

Outside  the  walls  of  the  pit,  in  the  Kilauea  crater,  I  found 
only  three  or  four  localities  where  there  were  signs  of  any  great 
heat  below  the  surface.  The  first  of  these  was  in  a  small  crack 
a  few  hundred  feet  west  of  Central  Rock,  and  not  far  from  the 
edge  of  the  clifl-— where  the  rock  was  red  hot  within  two  feet  of 
the  surface,  and  I  was  told  that  it  had  been  so  for  many 
months.  At  the  eastern  edge  of  the  sunken  area  and  directly 
north  of  New  Lake  were  large  openings  to  a  tunnel  that  began 
near  the  **  Little  Beggar,"  and  extended  several  hundred  feet 
in  a  general  northeast  direction,  and  considerable  heat  was 
given  out  from  cracks  in  its  roof;  and  the  same  was  the  case  in 
a  small  area  directly  south  of  the  peninsula,  between  New 
Lake  and  Halema'uma'u. 
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At  various  points  on  the  southeast  half  of  Kilauea,  and  on 
the  face  of  the  cliffs  in  that  section,  small  jets  of  steam  were 
seen  at  timea  The  steam  cracks  near  the  v  oleano  House,  and 
on  the  sandy  plain  north  of  the  crater,  seemed  to  be  in  their 
normal  condition. 

Almost  the  entire  floor  of  Kilauea  is  formed  of  pahoehoe, 
that  had  flowed  out  from  the  region  of  the  lakes  late  in  1886, , 
or  early  in  the  present  year,  covering  all  traces  of  the  old 
Black  Ledge  and  other  features  shown  on  earlier  maps.  The 
slope  of  the  pahoehoe  floor  is  quite  regular  in  every  direction, 
the  descent  from  Central  Rock  to  the  foot  of  Lookout  Hill, 
where  the  trail  strikes  the  pahoehoe,  being  163  feet — 135  feet 
to  the  base  of  Kaniakoha,  125  feet  to  thp  foot  of  Kamohoalii, 
105  feet  to  the  foot  of  Uwekahuna  pali,  75  feet  to  the  base  of 
Pali  Iki,  and  approximately  80  feet  to  the  foot  of  the  pali^  on 
the  southeast  side.  Near  Uwekahuna  is  a  large  patch  of  Aa 
(sofface  made  of  large  slabs  or  masses  of  rough  lavas),  a  few 
acres  in  extent,  which  I  think  is  the  only  lava  of  that  nature 
in  the  crater. 

In  the  southern  end  of  the  crater  is  a  long  point  or  spit  of 
gravel  and  bowlders,  extending  from  the  southeast  wall  about 
four-fifths  of  a  mile  due  west,  bounded  on  the  south  side  by  an 
abrupt  cliff,  and  sloping  gradu^ly  to  the  north  and  west,  until 
it  is  covered  up  by  the  pahoehoe  flow  of  this  year.  This  same 
flow  has  also  encroachea  upon  the  south  bluffs  and  covered  the  ' 
older  formation  at  the  head  of  the  bay  near  Holoholokolea,  so 
that  at  the  extreme  south  angle  in  the  bluffs,  a  further  rise  of 
forty  feet,  more  or  less,  would  cause  Kilauea  to  outflow  toward 
the  sea.  At  the  extreme  southwest  corner  the  pali  has  been 
entirely  covered  by  the  hills  of  pumice  which  form  the  south- 
ern boundary. 

The  summits  of  these  low,  rounded  hills  are  about  1,000  feet 
back  from  the  edge  of  the  crater,  and  thence  they  slope  gently 
to  the  south  and  southwest,  and  are  traversed  by  numerous 
large  cracks,  extending  in  the  latter  direction.  At  the  eastern 
end  of  the  aforesaid  gravel  point  are  many  deep  cracks  parallel 
to  the  general  direction  of  the  main  wall  of  the  crater  on  that 
side,  and  outside  the  walls  are  many  more  of  the  same  nature. 

I  have  attempted  to  describe  the  condition  of  the  crater  of 
Kilauea  as  I  found  it  early  in  October ;  and  from  observations 
then  made,  I  think  that  in  the  course  of  time,  perhaps  in 
a  few  months,  the  great  central  pit  will  fill  up  ana  overflow, 
as  it  did  prior  to  the  6th  of  March,  '86,  and  that  the  center  of 
activity  will  continue  to  be  in  the  present  locality  of  Halema'u- 
ma'u. 

*  The  word  paii  means  a  precipice. 
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Art.  XI. —  Volcanic  Action;  by  James  D.  Dana. 

The  new  facts  with  regard  to  the  recent  eruption  and  subse- 
qaent  movements  at  Kilauea,  make  this  a  favorable  time  for  a 
review  of  volcanic  action  and  phenomena;  and  especially  so 
becaase  the  Hawaian  volcano  and  its  great  craters  illustrate 
more  fully  and  simply  than  any  others  that  have  been  particu- 
larty  described  the  ordinary  principles  and  methods  of  volcanic 
activity ;  and  also  because,  although  long  since  reported  on, 
they  have  not  yet  their  true  place  in  most  treatises  on  volca- 
noes. Vesuvius  has  been  more  accessible.  The  account  of 
the  phenomena  observed  by  me  at  Kilauea  in  1841,  given  in 
my  Exploring  Expedition  Report,*  needs  no  modification.  But 
the  conclusions  after  so  many  years  of  progress  in  science  may 
well  have  a  reconsideration.  On  the  chief  point,  however — 
the  essential  identity  in  forces  and  laws  of  action  between 
Kilauea  and  Vesuvius  as  well  as  other  volcanoes — I  find  no 
reason  for  change.  In  my  Manual  of  Geology  (1868)1  present, 
as  the  causes  of  eruptions: 

The  hydrostatic  pressure  of  the  column  of  lava ;  the  pressure 
of  vapors  escaping  in  underground  regions  from  the  lavas,  or 
produced  by  contact  with  thenj,  acting  either  quietly  or  catas- 
trophically;  and  the  pressure  of  the  subsiding  crust  of  the 
earth,  forcing  upward  the  lavas  in  the  conduit.  I  also  state  as 
sources  of  movements  preceding  an  eruption  :  the  enlarging  of 
the  mass  of  liquid  rock  in  its  higher  portions  through  the 
vaporizable  material  contained  in  it  and  imbibed  on  the  ascent ; 
and,  for  aerially  projectile  effects,  the  elastic  force  of  the  vd.pors 
that  escape  by  the  forming  and  bursting  of  bubbles  at  the  sur- 
face of  the  viscid  lavas. 

In  the  following  pages  the  suflSciency  or  not  of  these  causes 
of  activity  for  all  volcanoes,  is  considered. 

*  Geology  of  the  Wilkes  Exploring  Expedition  of  1838-1842,  published  in 
1849.  225  pages  (4to)  are  devoted  to  the  Hawaian  and  other  volcanic  islands  of 
the  Pacific,  apart  from  the  subject  of  the  bordering  coral  reefs.  The  time  of  my 
visit  to  Hawaii  and  examination  of  the  Eilauea  crater  was  particularly  opportune 
because  of  the  great  eruption  that  had  so  recently  preceded  it,  and  wliich  left 
behind,  besides  features  of  more  ordinary  character,  also  those  rarely  presented* 
I  find  no  facts  in  Capt.  Button's  report  to  lead  me  to  modify  my  conclusions  as  to 
the  mode  of  action  in  Kilauea,  or  as  to  the  relations  of  the  crater  to  those  of 
other  volcanoes.  My  tour  to  Kilauea  commenced  on  the  western  shore  at 
Kealakekua  bay,  and  led  me  by  the  south  side  of  the  island  and  the  southern 
slope,  to  Kilauea :  and  thence,  after  a  study  of  the  interior  of  the  crater  and  its 
surroundings,  eastward  to  the  outflow  of  the  great  eruption  of  1840  at  Nanawale 
where  it  entered  the  sea. 
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1.   General. 

1.  The  more  prominent  phenomena  of  volcanoes. — ^In  the  upward 
movement  of  liquid  lavas,  two  operations  apparently  distinct, 
are  concerned :  (1)  the  ascending  movement  of  the  liquid  rock 
in  the  subterranean  conduit  of  the  volcano  from  the  deep-seated 
criistal  or  sub-crustal  region  of  fusion ;  (2)  the  projection  of  the 
lava  aerially  upward  from  the  surface  of  liquid  lava  in  the 
vent.  Outflows  accompany  the  upward  movement  whenever  the 
height  reached  by  the  lavas  is  such  that  they  have  an  outlet 
either  over  the  walls  of  the  crater  or  through  an  opened 
fissure.  Each  of  these  operations,  the  upthrow  and  outflow, 
involves  an  expulsion  of  qiaterial  from  subterranean  regions; 
and  a  usual  consequence  (3)  is  a  subsidence,  or,  Anglici^  a 
down-plunge,  of  the  overlying  rock,  or  the  material  of  portions 
of  the  cone  especially  the  more  central.  The  upthrow,  the  out- 
throw^  and  the  down-plunge  are  the  three  most  universal  and 
most  marked  of  volcanic  phenomena.  Connected  with  these 
operations  there  are  :  (4)  The  escape  of  vapors  from  the  crater, 
and  (5)  displacements  and  the  opening  of  fissures. 

2.  ITie  ascensive  action. — The  actual  ascension  of  lavas  to  a 
height,  in  many  volcanos,  of  more  than  10,000  feet  above  the 
sea- level  is  evidence  of  (1)  the  great  power  of  the  agency  con- 
cerned. In  Mt.  Loa,  a  volcanic  mountain  of  frequent  extensive 
summit  eruptions,  the  height  is  18,000  feet  (or  six  miles  reck- 
oned to  the  sea-bottom  on  the  east.)  The  observations  of  Mr. 
G.  K.  Gilberton  the  laccoliths  of  the  Henry  mountains,  proving 
that  strata  10,000  feet  thick  were  arched  upward  to  a  height  of 
three  to  five  thousand  feet,  by  the  ascending  and  intrusive  lavas 
indicate  that  the  ascensive  force  at  work  (2)  is  deep-seated  as 
well  as  of  great  power.  This  inference  is  sustained  also  by  the 
long  continuance  of  the  heat  in  the  lava-conduit  of  many  vol- 
canoes, as  shown  by  centuries  of  activity,  in  spite  of  the  various 
cooling  influences  to  which  the  upper  part  is  subjected. 

3.  TTie  deep-seated  ascensive  action  not  catastrophic. — Dr.  Gil- 
bert's valuable  observations  illustrate  another  point  of  much 
interest :  the  alow  action  of  the  force  concerned,  for  catastrophic 
violence  would  have  opened  large  fissures  to  the  surface,  and 
produced  a  surface  discharge.  A  quiet  mode  of  ascent  is  prob- 
ably the  common  fact  also  in  the  larger  fissure  eruptions.  The 
movement  appears  to  be  very  slow  in  the  supply  conduit  of  a 
volcano.  For  the  epochs  of  high  level  in  the  lavas  of  a  crater 
—flood  level,  we  might  say — are  separated  by  years,  years  being 
required  for  a  rise  in  level  of  a  few  hundrea  feet.  Three  great 
eruptions  in  ]^ilauea  were  eight  years  apart,  and,  in  the  inter- 
val, the  lift  in  each  case  was  about  400  feet  The  last  of  the 
three  referred  to  occurred  in  1840 ;  and  the  eruptions  which 
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have  happened  since  illustrate  the  same  fact.  Similar  testi- 
mony comes  from  other  volcanoea  If  the  ascent  in  the  upper 
part  of  the  volcanic  conduit  is  aided  by  some  additional  up- 
thrust  force,  then  the  facts  just  stated  make  the  deep-seated 
action  by  so  much  the  slower,  since  in  that  case  it  is  accounta- 
ble only  for  a  part  of  the  whole  rise  required  for  an  eruption. 

4.  Superficial  ascensive  action, — The  deep-seated  ascensive 
force  in  a  lava-conduit  should  raise  the  contained  liquid  rock 
to  a  common  level  for  all  its  places  of  discharge  in  a  crater.  It 
was  to  me  a  strange  fact  that  the  lava-pools  over  the  bottom  of 
Kilauea  underwent  independent  changes  of  level — ^a  sinking  of 
a  hundred  feet  or  more  in  one,  unaccompanied  by  a  like  change 
or  any  change  in  another.  But  this  admits  of  explanation  on  the 
ground  of  occasional  discharge  by  local  8ssures  opened  beneath, 
and  on  the  ground  of  much  friction  along  the  local  conduits, 
and  a  depth  to  the  common  junction  as  great  perhaps  as  the 
space  between  the  pools  (half  a  mile  or  so  in  the  great  pit  crater).' 
It  was  more  of  a  marvel  that  while  the  pools  were  in  their 
usual  state  of  ebullition,  lavas  should  be  lifted  at  times  to  a 
level  500  feet  or  more  above  them  in  a  fissure  intersecting  the 
walls  of  the  crater.  Here  was  an  effect  of  ascensive  force,  but 
of  a  force  of  relatively  superficial  origin.  A  similar  fact  is 
mentioned  by  Prof.  Alexander  in  his  notes  on  the  summit 
crater  Mokuaweoweo,  cited  on  page  285  of  volume  xxxii  (1886) 
of  this  Journal,  where  the  lift  was  800  feet  above  the  bottom  of 
the  crater,  and  the  eruption  a  large  one.  Some  superficial 
agency  must  be  concerned  in  such  eruptions;, and  the  same  may 
occasion  local  oscillations  in  associated  lava-vents. 

5.  Surface  action  in  the  lava ;  Projectile  effects. — ^In  an  active 
volcanic  vent  the  feeblest  action  possible  is  the  quiet  escape  of 
vapors.  The  second  stage  is  the  aerial  projection  of  lava  in 
portions,  masses,  or  fragments ;  which  fragments  may  fall  back 
as  cooled  cinders  or  as  liquid  lava,  according  to  the  height  of 
projection.  The  latter  stage  may  be  the  final  one  before  the 
return  to  a  feeble  or  an  inactive  state  in  the  crater.  But  the 
third  may  follow,  namely :  the  outflow.  As  long  as  the  liquid 
lavas  are  exposed  in  the  bottom  of  the  crater,  aerial  ejections 
are  possible  and  probable ;  and  if  sunk  below  the  bottom,  the^ 
may  continue  provided  there  are  cavities  large  enough  to  adroit 
of  the  action.  This  projectile  force  is  evidently  distinct  in  ori- 
gin from  the  supplying  force, 

2.  Kilauea. 

6.  Character  of  the  lavas  of  prqfeclile  ejections  and  of  those  flow- 
ing from  the  open  vents. — The  lavas  of  projectile  ejections  when 
cooled  are  usually  scoriaceous  and  often  semi-glassy,  and  the 
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brittle  material  may  be  shattered  in  the  projection,  under  fric- 
tion and  sudden  cooling,  into  the  finest  dust ;  those  of  the 
streams  flowing  from  the  vents  or  pools  are  cellular  and  in 
part  scoriaceous;  over  the  bottom  of  Kilaueain  1841,  they  had 
a  scoria-crust  of  2  to  4  inches,  easily  separable  from  the  stony 
part  below.  They  were  froth-covered  streams.  On  the  con- 
trary, the  melted  rock  escaping  from  fissures  in  non-volcanic 
regions,  and  those  of  the  remoter  fissures  about  a  volcano,  are 
generally  stony,  without  a  scoriaceous  aspect  in  any  part 
Even  over  the  bottom  of  Kilauea,  lava  that  had  come  up 
through  fissures  distant  from  the  lava-vents  was  of  the  more 
solid,  stony  kind  **  either  solid  stone  throughout,  or  so  except- 
ing a  compact^  glassy  extenor  half  an  inch  thick.'** 

The  making  of  scoria  is  dependent  on  the  kind  of  action 
characterizing  the  open  lava  vent — that  is  the  aerially  exposed 
extremity,  or  extremities,  of  a  lava-conduit.  In  a  fissure-ejec- 
tion, some  one  or  more  places  in  the  fissure  may  be  broad 
enough  to  remain  open  as  lava-vents  with  the  usual  phenom- . 
ena. 

7.  Abundant  discharge  of  vapors  of  water, — The  exposed  ex- 
tremity of  a  lava  conduit  discharges  vaporfe  in  great  volume,  the 
amount  of  which  increases  with  the  increase  of  activity.  When 
at  Kilauea  in  1841,  an  immense  column  of  heated  vapors  stood 
over  the  great  lava  lake  Halema*uma*u  (1,500x1,000  feet  by 
Wilkes's  measurement)  and  the  southern  half  of  the  crater — • 
its  base  some  hundreds  of  feet  above  the  lake,  owing  to  the  inten- 
sity of  the  radiated  heat.  It  had  the  appearance  of  a  threatening 
storm-cloud  as  Wilkes  observes  (iv,  225).t  Yet  this  was  six 
months  after  a  great  eruption.  At  limes  of  extreme  activity 
the  pit  is  sometimes  so  densely  filled  with  the  vapors  as  to 
"obscure  all  the  glowing  fires." 

Many  tacts  show  that  the  vapors  are  chiefly  those  of  water, 
as  is  generally  believed.  The  features  of  the  clouds  were  those 
of  ordinary  clouds,  and  the  shrubbery  and  ferns  about  the 
margin  of  the  crater  derived  luxuriant  growth  from  the  con- 
densed moisture. 

No  direct  experiments  were  made ;  but  we  have  from  Mr. 
Emerson  on  page  90  of  this  volume,  the  statement  that  he 
was  half  an  hour  at  his  station  near  Halema'uma'u  W 
exposed  to  the  vapors  that  came  with  the  wind  from  over 
the  pit,  and  suffered  nothing  from  the  sulphurous  fumes  pres- 
ent; a  fact  showing  that  they  constitute  a  very  small  part  of 
the  vapors. 

While  vapors  are  so  freely  discharged  from  the  craters,  the 
amount  from  fissure  eruptions,  even  those  in  a  volcanic  region, 

*  My  EzpL  Exped.  Report,  p.  180.  f  Narrative  Ezpl.  Ezped. 
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are  generally  small  unless  open  active  vents  exist  along  such 
fissures.* 

8.  Projectile  aciion,^-ln  Kilauea,  in  1841,  the.projectile  action 
of  the  lava-pools,  consisted  in  the  throw  of  jets  of  lava  to  a 
height  of  30  to  60  feet  over  the  whole  liquid  surface — many 
rising  and  falling  simultaneously.  I  watched  the  process  for 
some  time  while  within  four  or  five  feet  of  one  of  the  smaller 
lakes,  and,  also,  but  necessarily  from  a  much  greater  distance, 
the  more  brilliant  display  over  the  great  lake  of  Halema*uma'u. 

This  lake,  owing  to  contact  with  the  air  above  had  usually  a 
red-hot  surface  (except  when  blackened  at  times  in  part  by  in- 
cipient cooling) ;  but  in  the  play  of  jets  over  its  wide  surface,  lines 
of  white  heat,  or  very  nearly  white,  opened  to  view  between 
them,  which  a  companion  in  the  expedition.  Dr.  C.  Pickering, 
well  compared  to  a  net-work  of  lightning  flashes. 

The  jets  were  ordinarily  80  to  60  feet  high ;  in  one  of  the 
small  pools  about  80  feet,  but  50  to  60  at  intervals.  At  times 
of  lull  they  ceased  or  nearly  so.  The  diameter,  if  I  remember 
rightly,  was  three  to  six  inches.  With  a  mean  of  4  inches  and  a 
height  of  80  feet,  each  would  have  contained  about  400  pounds 
of  lava,  making  the  force  expended  equivalent  to  that  required 
to  raise  400  pounds  10  or  12  feet  They  were  in  form,  in  rise 
and  fall,  and  apparently  in  mode  of  projection,  like  the  little 
jets  over  a  surface  of  boiling  water;  and  the  word  ebullition 
seemed  to  all  appearance  to  express  what  was  going  on.  On 
other  occasions  jets  have  been  seen  of  100  to  200  feet,  and  also 
of  five  or  six  feet  and  less.  In  the  higher  jets  the  lava  is  usu- 
ally broken  into  parts,  and  the  lowest  of  two  or  three  feet  are 
sometimes  broad  and  hemispherical. 

The  boiling  movement  has  been  recognized  by  all  who  have 
visited  the  crater.  Kev.  Wm.  Ellis,  of  Kilauea,  in  August, 
1823,  describes  a  lake  as  a  flood  of  fire  in  "terrific  ebullition ;" 
and  Capt  John  Shepherd,  R.  N.,  there  in  1889,  speaks  of  the 
"violent  ebullition"  as  "caused  by  the  escape  of  elastic  fluids 
which  threw  up  the  spray  [jets]  in  many  parts  80  to  40  feet." 

In  the  case  of  "  blow-holes "  the  boiling  process  goes  on 
beneath  a  small  aperture  in  the  solid  lavas,  and  the  liquid  rock 
is  thrown  up  in  masses  or  driblets,  with  swashing  sounds,  and 
volumes  of  vapor  at  each  throw.  Small,  steep  cones  of  lava 
are  made  around  the  hole;  and  one  such,  surmounted  by  a 
column  consisting  of  adhering  lava  drops  (each  4  to  5  inches 
across),  the  whole  40  feet  high,  is  figured  jn  my  Report,  and  the 

*  Prof.  J.  Prestwich  discusses  the  subject  of  the  ageocy  of  water  in  yolcanic 
action  at  much  length  in  a  valuable  memoir  read  before  the  Rojal  Society,  in 
1886.  He  makes  no  use  of  the  facts  afforded  by  Kilauea  or  of  the  bearing  of  the 
phenomena  there  observed  on  the  great  subject  of  volcanic  action.  As  the  views 
here  given  on  Uie  agency  of  water,  and  the  special  methods  of  its  action  are 
those  of  1849, 1  have  no  occasion  to  make  furtiier  mention  of  Prof.  Prestwidi's 
paper. 
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figure  has  been  copied  into  several  text-books.  The  hole  may 
be  what  is  left  of  a  small  lava  pool  after  contraction  from  cool- 
ing. It  varies  greatly  in  size,  from  that  of  the  open  lava-pool 
to  a  diminutive  hole  through  which  drops  of  lava  only  a  fourth 
of  an  inch  in  diameter  are  thrown  out.  One  of  the  specimens 
which  I  obtained  at  the  crater  was  a  group  of  three  slender 
columns,  two  to  three  inches  apart,  and  about  seven  inches 
high,  each  made  of  lava  drops  of  the  small  size  mentioned — ^a 
fourth  of  an  inch.  Often  the  blow-hole  emits  intermittently 
only  steam,  whose  rush  out  sustains  the  appropriateness  of  the 
name.  Prof.  Van  Slyke  describes  one  in  action  and  ejecting 
lava,  on  page  96,  and  Mr.  Dodge  speaks  of  others,  emitting 
steam  only,  on  page  100. 

Rev.  C.  S.  Stewart,  at  his  second  visit,  in  1829,  saw,  as  he 
states,  four  cones  from  a  few  feet  to  twenty  in  height  project- 
ing fiames  [lava-jet]  under  a  "laborious  action  of  steam,'*  one 
of  which,  tapering  almost  to  a  point,  had  "been  formed  by  suc- 
cessive slight  overflowings  of  lavas  which,  as  it  rolled  down, 
cooled  into  irregular  flutings  ornamented  with  rude  drops  and 
pendants  *' — a  good  example  of  blow-hole  action  and  result. 

9.  Source  of  the  vapors, — While  part  of  the  vapors,  as  is  well 
understood,  are  from  the  same  deep  source  as  the  lavas  or  from 
their  constituents,  and  some  water  may  be  here  included,  far 
the  larger  part  have  a  more  superficial  source.  The  vapors 
from  the  deep-seated  source  of  a  conduit  should  vary  little  in 
amount  except  through  variation  in  the  area  of  liquid  rock 
exposed ;  and  the  same  would  be  true  if  the  lava  were  a  fused 
sedimentary  rock  of  the  depths  below.  But  in  fact,  the  varia- 
tion between  a  time  of  quiet  and  of  approaching  eruption  is 
often  immense;  the  amount  may  increase  rapidly  as  the  height 
of  the  lava  in  the  vent  increases,  proving  that,  as  usually  con-, 
ceded,  other  more  superficial  sources  of  water-vapor  exist 

The  more  superficial  source  may  be  either,  as  is  generally  ad- 
mitted, the  sea,  or  the  fresh  water  of  the  land.  Marine  products 
like  chlorides  abundantly  deposited  about  steaming  fissures  in 
the  crater  and  outside,  as  at  Vesuvius,  have  been  accepted  by 
most  writers  as  evidence  of  the  access  of  marine  waters;  and 
the  absence  nearly  of  such  products  at  Kilauea,  I  regarded  as 
evidence  of  the  access  there  of  terrestrial  waters  mainly.  The 
latter  are  as  likely  to  be  concerned  as  the  former,  and  the  more 
so  in  most  volcanic  regions  on  account  of  the  distance  from 
the  sea. 

The  very  abundant  rains  over  eastern  Hawaii,  the  bare  cav- 
ernous lavas  of  the  mountains,  arranged  partly  in  layers  or 
streams,  and  partly  in  vertical  dikes  often  radiate  to  the  crater, 
and  the  freedom  from  water-courses  over  a  large  part  of  the 
eastern  and  southern  slopes  of  Mt.  Loa,  led  me  to  regard  the 
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waters  from  rains  as  the  chief  supply  ;  and  Mr.  Coan,  who  lived 
I  for  years  at  the  foot  of  Mt.  Loa  and  watched  the  volcanic 
movements,  was  the  first  to  suggest  that  seasons  of  abundant 
rain,  besides  multiplying  steaming  holes,  increased  activity  and 
favored  eruptions. 

10.  The  introduction  of  outside  waters,  whether  marine  or 
fresh,  into  the  lava  conduit  has  often  been  thought  an  impossi- 
bility ;  and  still  it  must  be  a  fact,  as  this  is  the  only  means  of 
getting  the  required  water.  The  waters  of  the  land,  especially 
those  of  great  rains,  becoming  subterranean,  would  descend 
deeply  along  the  various  vertical  fissures,  and  the  spaces  by  the 
sides  of  dikes,  it  may  be  to  thousands  of  feet,  since  the  bottom 
of  Kilauea  is  between  three  and  four  thousand  feet  above  the 
sea  level,  (and  the  summit  of  Mt.  Loa  over  thirteen  thousand) ; 
and  if  the  copious  waters  filling  the  narrow  passage  ways  below 
over  a  large  area,  anywhere  reached  the  hot  region  along  the 
conduit,  they  would  encounter  the  action  of  the  heat  under  great 
hydrostatic  pressure,  and  be  forced  by  the  steam  pressure  gen- 
erated into  the  conduit  of  ascending  lavas  as  the  easiest  and 
only  way  of  escape.  Once  within  the  conduit,  they  would 
follow  the  course  of  the  hotter,  more  liquid,  and  upward-mov- 
ing central  portion,  and  expand  into  vapor  toward  the  surface, 
there  to  make  cellular  and  scoriaceous  lavas,  and  escape  as  they 
could.  The  lavas  from  fissures  that  tapped  the  conduit  below 
the  level  where  the  chief  part  of  the  waters  were  received 
should  be  feebly  cellular,  or  not  at  all  so;  but  froth-covered 
streams  might  be  expected  from  the  vents  or  pools  of  the  crater ; 
and  cellular  or  scoriaceous  from  tapping  near  the  top.  The 
facts  at  Kilauea  correspond  precisely  with  this  view  of  the 
operations,  and  give  the  explanation  full  support.  The  play  of 
jets  over  the  surface  may  serve  to  entangle  some  air  and  add  to 
the  volume  of  the  confined  vapors.  But  air  alone  has  very 
feeble  expanding  power  when  heated,  and  could  not  make  cells 
in  the  heavy  liquid  and  much  less  make  a  scoria.* 

11.  Projectile  force  at  Kilauea. — The  vapors  within  the  viscid 
lava  struggling  for  escape  are  the  obvious  and  the  only  possible 
source  of  the  projectile  results.  The  elastic  force  of  the  vapors 
would  depend  on  the  resistance  to  escape,  and  the  resistance  on 
the  viscidity,  as  in  the  ordinary  boiling  process.  The  ascending 
spheres  of  vapors  in  the  upper  or  more  superficial  part  of  the 
conduit  would  become  bubbles  at  the  purface ;  and  the  bubbles 
would  continue  to  enlarge  there  until  the*  elastic  force  within 
was  sufficient  to  break  the  upper  or  weaker  part,  when  a  verti- 

*  The  facts  observed  by  Prof.  J.  W.  Judd  with  regard  to  the  waters  present 
(sometimes  over  8  per  cent)  in  an  obsidian,  (Qeol  Mag.  for  June,  1886),  hare 
interest  here.  See  also  the  important  paper  l^j  J.  P.  Idding^  on  Lithophysss,  at 
page  36  of  this  volume. 
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cal  or  nearly  vertical  projection  of  the  materials  of  the  broken 
bubble  would  follow.  A  partial  cooling  of  the  lavas  tends  to 
increase  viscidity,  and  this  may  account  for  the  higher  jets. 
"  The  mechanism  exists  in  Kilauea  for  making  cinder  ejections; 
but  in  the  case  of  so  low  jets— 30  to  60  feet — the  liquid  mate- 
rial descends  before  it  has  had  time  to  cool  and  the  dropping 
masses  that  fall  outside  the  lava  pool  plaster  themselves  to  its 
sides.  The  only  cinder  cones  are  found  on  the  slopes  outside 
of  the  crater  where  greater  viscidity,  due  to  partial  cooling,  may 
have  existed.* 

Kilauea  continues  this  easy,  quiet  throw  of  jets  even  in  the 
covered  chambers  of  the  now-existing  cone.  Mr.  Van  Slyke 
speaks  of  the  puffing  up  and  throw  of  the  lavas,  and  the  swash- 
ing sounds.  The  work  going  on,  producing  these  sounds  and 
the  throw,  is  the  same  as  has  been  described — the  breaking  of 
bubbles  of  the  viscid  lava  by  the  elastic  vapors  or  gases  within 
them. 

12.  Fundamental  forces  at  work  in  Kilauea. — In  review :  the 
two  chief  sources  of  upward  movements  are  (1)  the  slow-acting 
ascensive  force  carrying  the  lavas  to  the  surface,  where  they 
become  exposed  to  earth-surface  agencies.  (2)  The  elastic 
force  of  the  vapors  escaping  in  bubbles  from  the  exposed  sur- 
face of  liquid  lava,  producing  projectile  eflfects;  these  vapors 
partly  of  ascensive  origin,  but  chiefly  from  external  waters  that 
become  subterranean  and  were  forced  into  the  conduit.  In  addi- 
tion to  the  above :  (3)  Subterranean  vapors  in  confined  spaces 
(a)  derived  from  the  surface  of  the  underground  liquid  lavas 
(those  of  the  top  of  the  conduit),  or  (j9)  made,  gradually  or 
catastrophically,  from  the  approach  or  access  of  waters  to  the 
aides  of  the  conduit,  may,  by  pressure,  produce  : 

(a)  Disruptive  eflfects,  opening  fissures  within  the  crater  and 
in  the  mountain's  sides. 

(J)  Displacements  or  uplifts  over  large  or  small  areas;  and 
opening  spaces  for  the  intrusion  of  lavas. 

(c)  When  acting  on  a  surface  of  liquid  lava,  the  thrusting  of 
the  lava  into  open  spaces  between  layers  and  thus  producing  an 
elevation  of  the  overlying  bottom  of  the  crater  and  of  the 
sides  of  boiling  lakes ;  or  into  fissures,  and  in  the  latter  carrying 
the  lavas  to  heights  several  hundred  feet  above  the  level  of  the 
active  vents  of  a  crater,  as  in  cases  above  mentioned,  just  as 
mineral  oil  is  often  thrown  to  heights  by  the  confined  gases 
below. 

(4)  The  hydrostatic  pressure  of  the  column  of  liquid  lava 
in  the  crater  is  a  common  source,  probably  by  itself,  and  cer- 

*  In  former  periods  pumice-like  cinder  ejections  took  place  from  Kilauea  or  its 
'viciuitj ;  but  they  coyer  a  wide  surface  south  of  the  crater,  instead  of  forming 
cones.     See  my  Beport  p.  183. 
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tainly  in  combined  action  with  the  preceding,  of  extensive 
fractures  and  outflows,  and  sometimes  in  the  case  of  both  thfi 
Mt.  Loa  summit  crater  and  Kilauea,  of  large  and  lofty  fottntain- 
like  throws  of  the  extended  lavas. 

(5)  The  expansion  of  the  moisture  in  the  liquid  lava  into 
vapors  as  the  lava  approaches  the  surface,  thereby  expanding 
the  lava  in  this  upper  part,  making  it  cellular  and  raising  the 
level  of  the  surface.  This  effect  is  limited  by  the  amount  of 
moisture  present,  and  by  the  degree  of  pressure  that  prevents 
moisture  below  from  taking  the  form  of  vapor. 

(6)  Underminings,  through  the  discharge  of  lavas,  leading 
often  to  subsidences  and  engulfments,  and  chiefly  of  the  central 
parts  of  the  volcano  about  and  within  the  crater. 

In  1840,  after  a  time  of  violent  activity  over  the  whole  of 
Kilauea,  the  subsided  area  included  a  large  part  of  the  floor  of 
the  crater,  it  being  nearly  two  miles  long  and  about  two-thirds 
of  a  mile  in  mean  breadth,  with  the  depth  nearly  400  feet.  It 
left  the  crater  over  the  sunken  floor  nearly  1,000  feet  deep  and 
elsewhere  over  600  feet. 

In  1886,  after  more  local  activity  the  subsidence  was  mostly 
confined  to  Halema'uma'u  and  its  vicinity  (including  New  Lake) 
the  area  about  half  a  mile  square;  the  depth  of  the  subsidence 
was  small,  the  depressions  that  were  left  being  due  mainly  to 
the  escape  of  the  lava  and  some  sinking  of  the  walls  of  the  two 
pits.  Owing  to  the  overflowings  and  intrusions  of  lavas  since 
1840  without  equivalent  subsidences,  the  mean  depth  of  Kilauea 
after  this  last  eruption  was  about  400  feet  There  may  be  great 
empty  chambers  beneath,  and  after  a  time  of  general  activity 
and  great  discharge,  another  subsidence  like  that  of  1840  in 
extent  may  occur. 

The  form  of  Kilauea  and  character  of  the  operations  now  going 
on  within  it  show  that  the  activity  (ebullition,  etc.)  was  at  some 
time  in  the  past  so  general  over  the  included  area  that  the  sub- 
sidences which  followed  the  eruption  affected  the  whole,  nearly 
to  the  present  outer  walls;  and  that  under  such  conditions 
Kilauea  took  its  form  and  size.*  The  underminings  that  have 
since  occurred  have  from  time  to  time  caused  down-plunges  of 
portions  of  the  walls  into  the  emptied  spaces  beneath  and  so 
increased  somewhat  its  extent  just  as  the  walls  of  the  pits  in  the 
crater  emptied  by  an  eruption  continue  to  fall  until  the  pits  are 
filled  again  with  lavas. 

3.    Ve9uviv8  and  other  Volcanoes, 
13.  Fundamental  forces  in  Vesuvius  and  other  Volcanoes. -^Yeaxx- 
vius  and  the  Hawaiian  volcano  differ  much  in  externals,  but 
not  in  forces,  or  in  their  mode  of  action. 


(aftei 
Kilauea 


The  plate  ID  RUis's  PolyDesian  Researches  represents  the  lower  pit  in  1823 
f?r  a  great  eruption),  as  reaching  at  the  time  very  nearly  to  the  outer  walls  of 
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^hQ  first  oi  the  operations  mentioned  above  is  necessarily  the 
same. 

The  second  method  of  work  and  its  consequences  must  also 
be  the  same ;  for  vapors  rise  and  escape  from  the  crater  in  great 
abundance  during  periods  of  special  activity,  as  attested  to  by 
many  observers.  For  years  the  outside  waters  needed  to  af- 
ford the  working  steam  gain  access  quietly  ;  but  at  times  there 
have  been  large  incursions,  as  proved  by  the  violence  of  the 
earthshakings,  the  vast  amount  and  height  of  the  cloud  of 
vapors,  and  the  lofty  projection  of  cinders. 

The  recent  eruption  in  the  Tarawera  Geyser  district,  New 
Zealand,  aflfords  an  example  in  which  only  fresh  waters  were 
concerned,  and  one  of  much  instruction.  The  Tarawera 
mountain,  its  height  about  3,600  feet  above  the  sea  level,  though 
made  of  volcanic  rocks,  had,  previous  to  the  eruption,  as  Mr.  S. 
Percy  Smith  reports  from  observations  in  1874,  no  distinct 
crater.  On  the  morning  of  the  10th  of  last  Junis,  after  some 
rumblings  for  an  hour,  the  mountain  (at  2.15  A.  M.)  was  rent 
from  north  to  south;  three  craters  were  seen  to  be  in  action; 
and  soon  after,  as  later  observations  have  shown,  there  were 
seven  craters  in  the  course  of  2^  miles  along  the  top  of  the  fis- 
sured mountain,  and  other  small  craters  on  what  was  properly 
an  extension  of  the  fissure  six  miles  to  the  s<iuthwest  Black 
clouds,  lighted  below  by  the  fires,  rose  to  a  height  of  "  10,000  to 
12,000  feet,'*  and  red  hot  scoria  and  cinders  were  shot  up  a  thou- 
sand feet  or  more.  The  rain  fell  with  the  falling  cinders  in  tor  - 
rents,  accompanied  with  the  thunderings  and  shifting  winds  of  a 
tornado.  By  daylight  the  village  of  Wairoa,  five  miles  distant, 
was  covered  a  foot  deep  with  mud,  made  from  the  ejected  cin- 
ders or  volcanic  ashes,  and  the  descending  waters  (rain). 

Three  days  later,  the  action  in  the  mountains  had  mostly 
dwindled  to  steaming  fissures,  and  on  going  to  the  region,  it 
was  found  that  the  fissure,  which  was  over  two  hundred  yards 
wide,  passed  through  Lake  Kotomahana,  I  X  i  m.  in  area; 
that  the  lake  had  lost  its  water;  that  the  bottom  was  250  feet 
below  its  former  level,  and  in  it  there  was, a  line  of  mud  craters 
and  geysers,  one  of  the  craters  throwing  the  mud  to  a  height  of 
600  to  800  feet  Evidence  of  the  work  of  ejection  and  engulf- 
ment  in  the  mountain  existed  in  the  great  size  of  the  fissure 
opened,  and  also  in  the  depth  and  size  of  the  mountain  craters, 
one  of  them  900  feet  deep,  another  600,  with  five  others  of  less 
depth,  besides  a  great  sunken  area,  2000  feet  long,  600  wide, 
and  250  to  800  deep  in  the  southwestern  slope  of  the  Tarawera 
mountain  facing  Lake  Rotomahana.  There  can  be  no  doubt 
here  that  in  this  great  outbreak,  so  sudden,  so  abundant  in  cin- 
der ejections  (but  no  flow  of  lavas),  the  lost  waters  gained  access 
to  the  fires  under  the  mountain.     The  waters  were  in  so  great 
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abundance  that  they  could  not  be  driven  back  by  the  steam 
made  at  their  approach  to  the  fires;  and  they  consequently 
entered, — the  opened  mountain  having  made  upward  escape 
for  lavas  and  steam  possible;  and  thence  came  the  steam  power 
for  the  grand  occasion.  And  perhaps,  the  cooling  action  of  so 
large  a  body  of  water  may  have  put  the  surface-fires  out,  leav- 
ing the  heat,  however,  in  possession  as  before,  at  no  great  depth 
below. 

Cinders  are  projected  to  a  greater  height  at  Vesuvius,  and  in 
most  other  volcanic  regions,  than  at  Kilauea ;  but  this  is  proof 
simply  of  greater  viscidity  in  the  lavas ;  and  the  projected  lavas 
fall  in  cooled  masses  or  cinders  because  of  the  height  of  projec- 
tion. Greater  viscidity  leads  to  the  production  of  larger  vapor- 
made  bubbles  before  the  explosion,  and  therefore  fewer  oftnem 
over  a  given  surface  of  liquiii  lava ;  and,  in  times  of  moderate 
activity,  the  number  may  be  only  half  a  dozen  or  a  single  one 
at  a  time,  while,  on  a  like  area,  lavas  with  the  Kilauea  degree 
of  viscidity  would  have  scores.  When  at  Naples,  in  May  of 
1834,  there  was  at  night  an  interval  of  seven  to  eight  minutes 
between  the  explosions  or  the  throw  (some  hundreds  of  feet  in 
height)  of  fiery  cinders;  on  the  ascent,  the  following  day,  of 
four  to  five  minutes;  and  on  passing  Stromboli,  a  fortnight 
later,  June  16th,  of  fifteen  to  twenty  minutes — the  activity  be- 
ing less  than  usual,  explosions  every  2  or  8  minutas  being  com- 
mon. As  Spallanzani,  Hofmann,  and  others  have  seen  the 
rising  bubble  within  Stromboli,  the  bursting,  and,  following 
this,  the  rush  of  vapor  and  the  cinder  projections,  there  is  no 
reason  to  doubt  that  at  Vesuvius,  also,  each  throw  of  cinders 
has  the  same  source.  Mr.  John  Milne  states  that  on  his  ascent 
of  the  Japan  volcano,  Oshima,  in  May,  1877,  on  approaching 
the  top,  successive  explosions  were  heard  every  two  seconds 
with  occasional  pauses,  which  explosions  he  found,  on  reaching 
the  top,  to  be  due  to  successive  outbursts  of  steam,  each  pro- 
jecting ashes  and  bombs  to  a  height  of  nearly  6000  feet,  that 
fell  vertically  unless  wafted  by  the  winds.* 

At  the  eruption  last  June  in  New  Zealand,  above  referred 
to,  the  "  tremendous  roar  "  of  the  craters  that  added  to  the 
terrors  at  Wairoa,  five  miles  distant,  was  at  Auckland,  120 
miles  away  to  the  northwest,  resolved  into  "  a  series  of  detona- 
tions, like  the  firing  of  a  prolonged  salute  at  minute  intervals^ 
with  an  occasional  lull."f  This  fact  signifies  that  only  the 
heavier  of  the  aerial  vibrations  reached  that  place.  The  roar 
heard  at  Wairoa  was  due  to  the  simultaneous  explosions  in  the 
several  active  craters  and  the  storm  and  earthquakes;    and 

♦  Volcanoes  of  Japan,  Trans.  Seism.  Soa  Japan,  ix,  part  2,  1886. 
f  Volcanic  Eruption  at  Tarawera  with  an  account  of  the  Thermal  Springs  dis- 
trict of  N.  Zealand,  by  T.  W.  Leys. 


Digitized  by 


Google 


J.  2>.  Dana —  Vclccunic  Action.  US 

the  "minute  *'  guns  heard  at  Auckland  were  the  larger  explo- 
sions; and  such  a  periodicity  in  the  detonations,  so  rapid  and 
continuous,  shows  that  they  were  those  of  exploding  vapor- 
made  bubbles;  for  nothing  else  in  the  mechanism  of  a  volcano 
can  produce  it. 

The  catastrophic  effects  of  such  an  action,  where  the  jets  are 
single  or  few,  are  small,  because  the  break  of  the  vapor-enclos- 
ing shell  takes  place  at  the  top,  and  the  throw  is  nearly  verti- 
cal ;  the  energy  is  wasted  in  the  throw  of  the  fragments.  Where 
many  jets  rise  together  in  such  lavas,  as  in  a  time  of  violent 
eruption,  the  explosive  action  is  great ;  but  it  is  still  greatest  at 
the  center  of  activity,  which  is  that  of  greatest  liquidity  and 
easiest  movement.  A  cone  of  cinders  about  the  vent  might  be 
destroyed  by  being  added  to  the  projections  ;  but  the  more  dis- 
tant walls  could  suffer  but  little  from  the  prqjectile  action,  ex- 
cept in  the  way  of  fissurinff,  and  this  might  be  all  owing  to 
subterranean  shakings  and  the  undermining;  for  the  force 
from  the  accumulated  elastic  vapors  in  the  rising  and  explod- 
ing bubbles  is  too  much  confined  by  the  limits  of  the  area  of 
liquidity  within  the  crater.  Hence  we  have  reason  to  doubt 
much  that  has  been  written  about  explosive  eruptions  pro- 
jecting off  the  tops  of  mountains ;  or  at  least  to  question  it,  un- 
til the  piles  of  great  rocks  from  such  projections  have  been  de- 
Bcribed.* 

The  height  of  the  aerial  projections  in  some  volcanoes  is 
measured  by  thousands  of  feet ;  but  how  much  of  this  height 
is  owing  to  ascending  currents  of  air  is  not  stated.  The  fine- 
ness of  the  dust  that  goes  to  great  heights  makes  it  of  easy 
transport 

14.  The  other  forces  acting  at  Kilauea,  must  be  alike 
active  in  all  volcanic  regions.  The  third  is  the  one  usually 
appealed  to  by  writers  in  their  explanations  of  eruptions,  espe- 
cially 3a,  36;  and  that  numbered  3c,  must  have  its  effects  also, 
although  less  easily  detected  where  the  crater  is  not  broad  and 
open,  like  Kilauea.  The  fourth^  hydrostatic  pressure,  has,  no 
doubt,  far  more  common  effects  than  has  been  recognized, 
especially  in  high-sloped  mountains  like  Vesuvius.  The  quiet 
character  of  many  of  the  fracturings  at  Vesuvius  and  of  some 
of  its  large  eruptions  are  strongly  in  favor  of  this  conclusion. 
The  sixth  operation — subsidence  or  down-plunge  of  the  under- 
mined parts  of  the  mountain — should  be  doubly  more  active 
at  Vesuvius  than  at  Kilauea,  since  the  undermining  in  the  lat- 
ter is  produced  only  by  the  outflow  of  lava,  while  at  Vesuvius 
there  is  loss  both  by  outflow  and  upthrow.     I  have  alluded  to 

*  According  to  acme  describers  of  the  New  Zealand  eruptioD,  the  Tarawera 
moQotain  had  its  top  blown  off  in  the  making  of  the  g^eat  southwest  chasm. 
The  place  affords  an  opportunity  to  ascertain  whether  the  piles  of  masses  of  the 
solid  rocks  which  in  that  case  should  exist,  are  to  be  found  to  the  southwest  ward. 
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this  point  already  in  this  Journal  (xxxi,  396,  1886)  and  need 
not  repeat  here. 

15.  In  external  dress  the  crater  of  highly  viscid  lava  is  very 
unlike  that  of  the  feebly  viscid.  The  cone  in  the  former  often 
rises  with  slopes  of  30®  to  35®  ;  that  in  the  latter,  often  of  but 
5®  to  10®.  The  former  commonly  uses  cinders  largely  in  mak- 
ing its  cone,  or  else  has  the  less  fusible  orthoclase  lavas  to  deal 
with  ;  the  latter  is  chiefly  lava-made,  cinder-deposits  being  sub- 
ordinate to  those  of  lava.  The  crater  in  one  is  lengthened  up- 
ward at  top  by  cinders ;  and  has  cinder  cones  about  each  vent 
of  liquid  lava  within  the  crater;  that  in  the  other,  is  often  a 
broad  pit,  with  a  floor  of  cooled  lavas  over  which  are  large  and 
small  lava-vents,  and  low  lava-made  cones.  The  volcano  of 
the  former  kind  is  more  liable  to  catastrophic  eruption  with 
noisy  earth-shocks,  though  often  quiet  in  some  discharges; 
those  of  the  latter  commonly  work  with  comparative  quiet, 
having  their  large  outflows  at  times  without  announcements  of 
any  kind  to  those  dwelling  a  few  miles  away.  These  are  diflfer- 
ences;  but  they  are  diflerences  in  some  of  the  results  of  the 
action  going  on,  not  in  causes  or  methods.  The  first  of  the  two 
kinds  of  volcanoes  prepares  for  a  new  eruption  by  the  gradual 
filling  of  the  emptied  crater,  doing  this  by  means  of  one  or 
more  lava-vents  in  the  bottom,  which,  besides  throwing  up 
cinders,  have  their  little  outflows  (as  well  described  by  Scacchi 
for  Vesuvius),  and  keep  at  the  work  until  the  crater  is  filled  or 
nearly  so;  and  then  comes  the  break  and  the  greater  outflows. 
The  second  kind  differ  only  as  to  the  cinders;  and  in  Kilauea, 
as  to  the  height  of  the  floor  of  the  crater  before  the  outbreak. 

16.  Both  from  Vesuvius  and  Kilauea  we  learn  that,  next  to 
the  lava-vent,  the  crater  of  a  volcanic  mountain  is  its  prime  or 
most  fundamental  element  It  encloses  the  extremity  of  a  lava- 
conduit  of  greater  or  less  breadth  that  reaches  down  to  the  seat 
of  fires;  and  this  enclosure  exists  because  of  the  ejections  by 
outflows  and  upthrows  and  the  consequent  down-plunges,  which 
superficial  conditions  in  large  part  determine.  The  growing 
mountain-cone  cannot  be  rid  of  its  crater  except  by  the  gradual 
disappearance  and  healing  over  of  the  lava-vent ;  and  commonly, 
when  extinction  happens,  the  crater  is  still  of  nearly  full  size. 
If  half  or  wholly  obliterated,  it  may  be  again  restored  ;  and  is 
likely  to  be,  if  action  is  ever  renewed  in  the  region  by  new 
ascensive  action  below.  If  so  renewed,  it  may  go  forward 
through  refusions  and  new  engulfments.  But  the  first  step  may 
be  the  opening  of  the  old  fissure  upon  which  the  crater  was 
originally  made;  in  this  way  the  lava  conduit  might  secure  for 
itself  at  once  an  open  way  to  the  surface. 

It  may  be  that  the  course  of  the  old  fissure  has  been  a  chief 
cause  in  determining  the  form  of  a  crater ;  and  it  may  lead,  in 
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after  history,  to  changes  in  the  locus  of  the  chief  vent,  or  an 
elongation  of  the  crater  in  one  direction  rather  than  another. 
The  form  of  the  Kilauea  crater,  and  the  existence  of  those 
steaming  fissures  southwest  of  it  and  others  on  the  northeast 
side,  suggest  some  such  determining  cause  of  change.  The 
elongated  form  of  Haleakala,  the  great  crater  at  the  summit  of 
Eastern  Maui,  may  have  this  explanation. 

17.  Quiet  after  an  Eruption. — A  decline  to  a  season  of  quiet 
follows  an  eruption  because  the  preceding  action  had  opened 
fissures,  and  so  the  crater  and  the  upper  part  of  the  conduit  had 
become  emptied  of  lava,  and,  as  a  conseauence,  had  also  become 
chilled  down  to  the  new  surface.  Further,  in  the  inactive  or 
weakened  condition  thus  occasioned,  the  cooling  of  the  conduit- 
lavas  might  sometimes  extend  to  a  great  depth  because  of  the 
still-continued  intrusion  of  subterranean  waters.  The  complete- 
ness of  the  quiet  and  the  length  of  the  interval  would  natu- 
rally vary  with  the  greater  or  less  extent  of  the  discharge  and 
of  the  accompanying  cooling,  influences.  An  empty  caldron 
will  not  overflow  before  its  cracks  are  mended  ana  the  steam 
apparatus  at  work  has  again  filled  it;  and  it  may  be  so  badly 
cracked  and  the  supply  of  heat  so  cut  off  as  to  fail  of  further 
use. 


Art.  XII. — On  the  Coahuila  Meieoriies;  by  Oliver  Whipple 
Huntington.    With  Plate  III. 

In  the  October  number  of  this  Journal,  appeared  a  descrip- 
tion by  William  Earl  Hidden  of  an  assumed  new  meteorite 
discovered  by  Mr.  0.  0.  Cusick,  U.  S.  A.,  near  Port  Duncan, 
Maverick  County,  Texas. 

On  reading  the  article  referred  lo,  the  author  was  at  once 
struck  by  the  close  resemblance  of  the  iron  described  by  Mr. 
Hidden  to  those  described  by  J.  Lawrence  Smith  under  the 
head  of  Coahuila  Irons;  and  supposed  to  belong  to  one  fall, 
but  found  on  the  opposite  side  of  the  Kio  Grande  Eiver  from 
Maverick  County.     The  Coahuila  Irons  referred  to  are — 

1.  Sta.  Eosa  Sancha  Estate,  found  in  1850.* 

2.  Butcher  Iron  found  in  1866.t 
8.  San  Gfegorio.:|: 

4.  Chihuahua  Hacienda  de  Conception.* 

♦This  Jouraal,  1856,  vol  xiz,  pp.  160-163. 
\  Id.,  vol.  xlvii,  pp.  383-386. 
JIcL,  ii,  1871,  pp.  336-338. 
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Mr.  Hidden^s  reasons  for  thinking  the  Maverick  County  Iron 
does  not  belong  to  the  Coahuila  group  are  as  follows  (this 
Journal,  October  1886,  p.  306):  '*The  Maverick  County 
Meteorite  was  found  more  than  one  hundred  miles  in  a 
due  east  direction  from  the  famous  Butcher  Irons  from 
Coahuila  and  that  from  the  Sancha  estate,  Mexico,  both 
described  by  Smith.  But  the  density  and  composition  of  these 
last  two  irons  show  marked  diflFerences  from  that  of  Maverick 
County,  Texas.  *The  Sancha  iron  had  a  density  of  7*81  and 
presented  the  figures  of  Widmanstatt  similar  to  that  of  the 
Braunau  iron,'  (Smith).  The  smooth  surface  and^regular  form 
of  this  iron  from  Maverick  County  would  also  preclude  its  be- 
ing a  part  of  another  fall,  as  it  seems  to  be  complete  in  itself 

That  the  Maverick  County  iron  was  found  one  hundred 
miles  east  of  the  Butcher  iron,  does  not  interfere  with  its  be- 
longing to  the  same  fall ;  since  the  Santa  Bosa  and  Butcher 
irons  were  eighty-five  miles  apart,  the  Butcher  and  San  Gre- 
gorio  about  three  hundred,  and  the  San  Gregorio  and  Concep- 
tion about  ninety  miles  apart.  Moreover,  J.  Lawrence  Smith 
writes  (this  Journal  ii,  1871,  pp.  335-338)  that  these  were 
probably  products  of  the  fall  of  one  meteoric  mass,  moving 
from  the  northeast  to  the  southwest,  the  smaller  fragments  fall- 
ing first  The  meteorite  described  by  Mr.  Hidden  is  small  in 
comparison  with  the  others,  and  thus  would  naturally  be  found 
farther  to  the  east. 

The  Santa  Rosa  iron  weighed  252  lbs.  The  Butcher  irons 
weighed  respectively  290, 430,  438,  650,  580  and  654  lbs.  The 
San  Gregorio  was  calculated  to  weigh  about  five  tons,  and  the 
Hacienda  or  Conception  about  3853  lbs.  And  then  there  is 
still  a  fifth  mass  said  to  be  larger  than  any  of  the  others. 

Mr.  Hidden  states  in  his  paper  that  the  density  and  compo- 
sition of  the  Santa  Rosa  and  Butcher  meteorites  "  show  marked 
differences  from  that  of  the  Maverick  County,  Texas;'*  but  he 
mentions  the  density  only  of  the  first.  It  is  worthy  of  note  in 
this  connection  that  the  densities  of  the  Santa  Rosa  and  the 
Butcher  irons  differ  from  each  other,  according  to  Smith's  de- 
termination, nearly  as  much  as  the  Maverick  County  iron  dif- 
fers from  the  Butcher  iron,  and  yet  the  two  former  are  accepted 
as  portions  of  one  fall. 

In  order  to  see  how  far  we  can  rely  upon  specific  gravity  for 
distinguishing  these  irons,  ten  determinations  were  made  with 
different  fragments  of  the  same  specimen  of  the  Butcher  iron, 
and  these  have  been  compared  below  with  similar  determina- 
tions of  the  other  Coahuila  irons. 
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Butcher.  Sta.  Rosa.       San  Gregorio.    HacieDda. 

7-616  7-926             7740             7-953 

7-761  7-963             7-477 

7.836  7-826              7*566 

7-204  7-631              7-734 

7-768  7-632              7-487 

7-831 

7-867 

7-868  I 

7-406  * 

7.727 

Smith    7-692  7*810             7-84 
Maverick  County     7-622 

Comparing  Smith's  analyses  of  Santa  Rosa  and  the  Butcher 
irons  with  the  Maverick  County  as  given  by  Hidden,  it  will  be 
seen  at  once  that,  if  Smith  coula  conclude  from  the  similarity  in 
composition  of  the  Santa  Rosa  and  Butcher  irons  that  they  be- 
longed to  one  fall,  there  appears  no  reason  for  considering  that 
the  Maverick  County  has  a  new  composition,  as  it  agrees  more 
closely  with  the  Coahuila  ai^^lyses  than  they  do  with  each  other. 


Butcher. 

Sta.  Rosa. 

Mayehck  Co. 

Iron 

92-96 

96-82 

94-90 

Nickel 

6-62 

3-18 

A-     4-87 

.ence. 

Cobalt 

•48 

•36 

Phosphorus 

-02 

-24 

-23 

100-07  99-69  100-00 

Furthermore,  Mr.  Hidden  speaks  of  Smithes  having  compared 
the  etched  surface  of  the  Coahuila  iron  with  that  of  the  Brau- 
nau.  This  comparison  was  made  because  the  Braunau  was  the 
nearest  iron  at  tnat  time  to  compare  it  with,  though  diflfering 
widely  from  the  Coahuila.  Mr.  Hidden's  description  of  the 
etchea  surface  of  the  Maverick  County  iron  applies  most  per- 
fectly to  that  of  the  Coahuila  iron,  particularly  the  appearance 
of  two  sets  of  fine  parallel  lines,  which  become  obliterated  by 
the  continued  action  of  the  acid.  That  these  lines  crossed  at 
angles  of  70*^  and  110*^  of  course  means  nothing  when  the  surface 
was  cut  at  random.  (This  Journal,  Oct.  1886,  p.  284-303.) 
The  accompanying  plate  printed  directly  from  a  specimen 
of  the  Butcher  iron  will  be  seen  to  be  wonderfully  like  fig.  3 
in  Mr.  Hidden's  paper,  already  referred  to,  and  this  appearance 
is  utterly  diflFerent  from  any  other  known  iron. 

Then  he  further  speaks  of  the  smooth  surface  and  regular 
form  of  the  Maverick  County  iron  precluding  its  being  part  of 
the  Coahuila  fall;  but  his  diagrams  of  the  Maverick  County 
iron  might  be  taken  for  almost  any  one  of  the  many  Coahuila 
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specimens,  each  one  of  which,  like  the  Maverick  County,  is 
complete  in  itself,  and  in  Smith's  description  of  the  Sta.  Rosa 
iron,*  which  is  one  of  the  most  irregular  of  the  group,  he  speaks 
of  it  as  being  "rather  smooth  with  only  here  and  there  thin 
coatings  of  rust." 

Still  another  point  of  resemblance  is  the  softness  of  the 
iron,  which,  in  the  case  of  the  Maverick  County,  Mr.  Hidden 
says  could  be  easily  cut  with  a  knife,  while  Smith  states 
several  times  in  his  descriptions  of  the  various  Coahuila  irons 
that  they  were  soft,  so  that  they  could  easily  be  cut  with  a  saw. 

With  the  attention  which  is  now  being  given  to  the  study  of 
meteorites,  and  the  numbers  of  new  specimens  which  are  corn- 
ing daily  into  our  cabinets,  it  is  important  that  different  names 
should  not  be  given  to  different  individuals  of  the  same  fall, 
as  it  confuses  the  science.  A  very  marked  incident  of  such  a 
confusion  of  names  is  shown  by  the  Sevier  and  Cocke  County 
meteorites,  which  are  of  so  striking  a  character  that  no  one 
could  possibly  examine  specimens  of  these  two  irons  without 
unhesitatingly  concluding  that  they  were  products  of  one  and 
the  same  fall 

This  meteorite  must  evidently  have  been  a  very  large  one, 
passing  through  West  Virginia  and  the  eastern  counties  of 
Kentucky  and  Tennessee,  and  it  is  probable  that  several  masses 
fell  during  its  flight,  and  were  subsequentlv  distributed  quite 
widely,  as  described  by  Prof.  C.  U.  Shepard,  in  this  Journal, 
second  series,  vol.  iv,  p.  83.  Fragments  are  constantly  being 
offered  for  sale  as  specimens  of  silver  ore,  owing  to  the  white- 
ness of  the  iron. 

Through  the  kindness  of  Mr.  George  R  Kunz  we  were  able 
to  examine  a  specimen  of  the  iron  described  by  him  in  this 
Journal,  third  series,  vol.  xxxi,  p.  145,  which  evidently  belongs 
to  the  same  fall. 

Three  years  ago  we  received,  through  the  kindness  of  Prof. 
N.  S.  Shaler,  a  specimen,  said  to  have  come  from  near  Lebanon, 
Wilson  County,  Tennessee,  with  the  same  loose  character  and 
white  color  of  the  Sevier  County  iron,  having  also  large  nodules 
of  graphite,  and  thin  laminsa  of  very  magnetic  elastic  foil, 
easily  separable  from  the  mass,  so  characteristic  of  that  iron. 
This  specimen  we  did  not  describe,  because  it  so  obviously 
belonged  to  the  same  fall. 

Prof.  Shaler  further  informs  us  that  he  has  heard  frequent 
reports  of  other  specimens  throughout  that  region. 

•      ♦This  Journal,  1856,  vol.  xii,  pp.  160. 
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Art.  Xni.  —  A  new  Rhizostomatous  Medusa  from  New  Eng- 
land; by  J.  Walter  Fewkes.     With  Plate  IV. 

A  SMALL  number  of  Acraspedote  Medusae  have  been  taken 
in  shallow  waters  along  the  shores  of  New  England.  The 
genera  thus  far  recorded  are  Aurelta,  Oyanea^  Dactylometra  and 
Callinema.  Other  genera  are  known  to  make  their  way  or  to 
be  carried  along  in  the  Gulf  Stream  into  our  latitudes,  and  may 
sometimes  be  washed  on  our  coast.  Among  these  may  be 
mentioned  Pelagia^  Periphylla^  Linerges  and  others.*  Some  of 
these  have  already  been  taken  on  George's  Bank  and  off  Mar- 
tha's Vineyard,  but  none  have  been  recorded  from  the  shallow 
waters  along  the  coast  line. 

Through  the  kindness  of  Professor  A.  E.  Verrill  I  am  able 
to  add  to  the  above  list  of  Medusas  found  in  shallow  water 
near  the  coast,  a  fifth  genus,  a  large  Acraspedote  jelly-fish,  not 
only  new  to  New  England,  but  also  one  which  is  unlike  any 
yet  captured  on  the  Atlantic  coast  of  North  America.  This 
Medusa,  the  only  non-tentaculated  Acraspedote,  so  far  as  we 
now  know,  which  ventures  into  our  waters,  is  allied  to  a  com- 
mon species  found  on  the  western  shores  of  Europe,  PUema 
{Rhizoslomaj  auih.)  octopus  Hseck.,  and  to  the  P.  pulmo  of 
the  Mediterranean  Sea.  It  has  no  nearer  relatives  in  the 
waters  of  the  United  States,  so  far  as  known,  than  the  well- 
known  Oassiopea  frondosa  and  Stomohphus  Meleagris  Ag.  of 
Florida,  the  Carolinas,  and  the  Gulf  Stream. 

The  single  specimen  of  this  new  medusa  from  which  my 
description  and  figure  were  made  was  captured  in  September, 
1886,  in  New  Haven  harbor.f  It  was  more  or  less  mutilated 
when  it  came  into  my  hands  for  examination,  but  owing  to  the 
exceptional  toughness  of  the  umbrella  and  oral  arms,  it  was 
possible  to  study  the  more  important  organs  and  to  write  a 
description  of  them  before  the  external  form  of  the  specimen 
had  greatly  changed. 

♦  A  liat  of  Acraspeda  fouDd  in  the  Gulf  Stream  by  the  U.  S.  Fish  Com.  Str. 
Albatross  will  be  found  elsewhere.  There  is  no  reason  now  known  why  any  of 
these  genera  should  not  straggle  at  times  into  our  southern  bays  and  sounds. 

f  It  was  taken  alive  near  the  Yale  Boat  House  at  the  mouth  of  the  Quinnipiac 
River,  near  the  extreme  upper  end  of  the  harbor,  where  the  water  is  somewhat 
brackish,  perhaps  four  miles  from  Long  Islaud  Sound.  It  was  caught  by  Mr. 
Arthur  J.  M.  Andrus  and  preserved  by  Mr.  George  E.  Verrill.  during  my  absence 
from  New  Haven.  When  living,  the  diameter  was  about  1 8  inches.  When  first 
seen  by  me,  after  it  had  been  in  alcohol  about  a  week,  the  oral  cylinder  and  frills, 
and  the  radial  tubes  of  the  umbrella  were  of  a  rich  deep  browo ;  the  distal  oral 
filaments  were  whitish ;  the  disk  or  '*  umbrella  "  was  uniform  translucent  bluish 
white.    My  son  told  me  that  the  color  had  changed  but  little  from  what  it  was  in 

life.  A.   E.   VEREILL. 
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Nbctopilbma,  gen.  nov. 
Nectopiiema  VerriUi^  sp.  nov. 

Umbrella. — The  form  of  the  bell  and  the  relation  of  the 
height  to  the  diameter  could  not  be  made  out  from  the  broken 
fragments.*  Prom  what  is  known  of  certain  related  genera,  it 
is  supposed  that  the  diameter  is  about  double  the  height.f 
Exumbrella  smooth.  Gelatinous  substance  of  the  bell  tough, 
thick  at  center,  thinning  out  near  the  margin.  There  are  eight 
sense  organs,  each  of  which  lies  in  a  broad  deep  incision  in  the 
bell-margin  and  is  protected  by  a  slightly  developed  hood. 
Each  sense  body  probably  lies  in" the  radius  of  an  oral  arm. 

The  lappets  of  the  bell-margin  are  of  two  kinds,  known  as 
the  occular  and  velar  marginal  lappets.  The  velar  lappets  are 
divided  into  two  kinds,  those  formed  by  shallow  ana  those 
formed  by  deep  marginal  incisiona  The  eight  pairs  of  lappets 
which  lie  one  on  each  side  of  each  marginal  sense  body  will 
be  known  as  the  occular  lappets.  The  velar  lappets:|:  with 
shallow  incisions  may  be  called  the  small  velar  lappets,  and 
those  with  deep  incisions,  the  large  velar  lappeta 

The  occular  lappets  are  short,  stumpy  and  rounded,  project- 
ing but  slightly  beyond  the  sense  body,  never  extending  to  the 
periphery  of  the  bell  formed  by  the  distal  marginal  tips  of  the 
velar  lappets.  The  sense  body  has  no  marked  conical  pit  or 
external  "  Riechgrubcheny 

The  smaller  velar  lappets  are  formed  by  a  slight  incision  in 
the  compound  lappets,  which  lie  on  each  side  of  the  occular 
lappets.  When  taken  together  they  are  much  broader  than 
the  so-called  large  lappets,  and  singly  their  breadth  is  not 
much  less  than  the  large  velar  lappets.  The  incision,  how- 
ever, which  separates  them  from  each  other  is  less  than  that 
which  separates  them  from  the  large  velar  lappets  or  the  large 
velar  lappets  from  each  other.  They  are  called  the  small  velar 
lappets  from  the  fact  that  the  incision  is  so  slight  as  compared 
with  the  incisions  of  the  greater  lappets.  The  compound  base 
formed  by  the  consolidation  of  two  small  lappets  may  be 
regarded  as  a  single  compound  lappet.  Eacn  small  velar 
lappet  is  triangular,  pointed,  thin,  ana  flexible. 

The  large  velar  lappets  are  two  in  number  between  each 

*  The  quadrant  of  the  bell-margin  represented  in  the  figure  is  probably  in- 
creased in  size  from  the  broken  and  therefore  expanded  condition. 

f  See  Orambessa  Tagi  llseck.,  Grenacher  and  Noll,  Beitrage  zur  Anatomie  und 
Systematik  der  Rbizostomeen,  and  Pilema  (Rhizostoma,  auct.)  Hteckel,  System 
der  Acraspeden.  In  Siomolopktis  the  relative  height  is  more  than  one-half  the 
diameter,  and  in  Lychnorhiza  it  is  less. 

X  The  velar  lappets  are  the  marginal  lappets  between  two  pairs  of  occular 
lappeU,  An  octant  of  the  bell  is  therefore  made  up  of  two  oocular  lappets,  four 
imall  yelar  lappets  and  two  large  velar  lappets. 
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Gir  of  compound  lappets'*^  and  are  separated  by  inoisions  in  the 
11-margin  equal  to  that  in  the  radii  of  the  sense  bodies. 
Each  large  velar  lappet  is  pointed  at  its  free  rim,  thin  and  flex- 
ible. All  velar  lappets  are  penetrated  by  an  anastomosing  net- 
work of  vessels,  and  are  destitute  of  a  marginal  vessel  skirting 
its  rim.     There  are  no  tentacles. 

Deep  grooves  in  the  exumbral  walls  of  the  bell,  extending 
radially  from  the  incisions,  both  occular  and  velar,  are  supposed 
to  be  in  part  characteristic  of  the  live  animal  and  in  part  due 
to  the  state  of  preservation.  These  are  indicated  bj  indistinct 
lines  in  our  figure.  They  may  be  wholly  a  result  of  contrac- 
tion of  the  bell  margin.f 

The  distance  between  two  sense  bodies  on  the  margin  of  the 
extended  bell  of  a  fragment  is  105°^.  The  thickness  of  the 
umbrella  increase  very  greatly  at  the  junction  of  the  marginal 
lappets. 

The  lower  surface  of  the  umbrella  (subumbrella)  is  divided 
into  two  regions,  a  central  from  which  hangs  the  oral  append- 
ages and  a  peripheral.  The  peripheral  region  is  occupied  by 
sections  of  muscular  fibers  forming  together  a  strong  circular 
compound  muscle.  There  are  sixteen  sectors  in  this  compound 
muscle.  The  radii  passing  to  the  sense  bodies  and  those  to  the 
incision  which  separates  the  two  larger  velar  lappets  of  each 
octant  of  the  bell-margin  also  indicate  the  line  of  separation  of 
the  compound  muscle.  Each  sector  of  muscle  is  composed  of 
a  number  of  parallel  folds  extending  from  the  radii  mentioned 
and  from  a  line  near  the  union  of  the  oral  arms  to  a  line  con- 
necting the  occular  and  large  median  velar  incision..  The 
breadth:|:  of  the  sector  of  muscle  is  80°^.  In  alcohol  the 
muscle  has  a  brown  color;  along  the  occular  radii  and  that 
which  passes  through  the  large  velar  incision  this  color  is 
absent. 

The  size  and  arrangement  of  these  muscles  recall  that  of  the 
subumbral  muscle  of  Siomolophus,  and  somewhat  more  dis- 
tantly the  same  in  Orambessa  Tagi,  as  figured  by  Grenacher 
and  Noll  {op.  cit.  pi.  iv,  fig.  vii,  m),  where,  however,  in  the 
latter  case  the  number  of  sectors  appears  greater.  The  promi- 
nence of  the  muscle  on  the  under  floor  or  subumbrella  of  Necto- 
pikma  is  apparently  very  different  from  Bhizostoma  luieum  of 
the  last  mentioned  authors,  if  pi.  viii,  fig.  xvii  (op.  cit\  cor- 
rectly represents  the  subumbrella  of  B.  luieum  Gren.  and  Noll. 

*  My  nomenclature  '^compowid  lappets^''  will  lead  to  no  conftision  if  the  reader 
remembers  that  two  small  lappets  iyeUvr)  unite  to  form  the  compound  axial 
region  at  the  base  of  these  lappets.  The  compound  lappets  adjoin  the  oocnlar 
lappets  (see  figure), 
•f  These  furrows  recall  the  radial  furrows  of  the  umbrella  border  of  Polyrhiza 
H»ck. 

X  Distance  fh)m  axial  to  abaxial  border.  Measurements  of  specuDens  of 
medusse  preserved  in  alcohol,  are  more  or  less  deceptive. 
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Oral  arms. — From  the  central  region  of  the  umbrella  there 
hangs  a  complicated  oral  apparatus  known  as  the  Mundscheibe. 
The  general  form  of  this  r^ion  is  pyramidal  or  more  like  the 
frustrum  of  a  cone. 

The  oral  region  of  the  medusa  consists  of  a  consolidated  por- 
tion, oral  cylinder,  next  the  subumbrella,  by  which  it  is  joined 
to  the  bell,  and  a  more  distal  part  composed  of  eight  separate 
oral  arms.  It  was  impossible  for  me  to  study  the  structure  of 
the  basal  region,  or  oral  cylinder  of  the  Mundscheibe  for  the 
reason  that  it  was  broken  from  its  attachment  so  that  the  union 
could  not  be  observed.  At  the  same  time  it  was  for  the  same 
reason  impossible  for  me  to  observe  the  character  of  the  genital 
cavities  and  the  central  gastral  cavity,  structures  which  present 
most  important  characters  in  the  study  of  the  Bhizostomidce. 
The  wall  in  the  region  of  the  mouth  opening  was  also  ruptured 
so  that  it  was  impossible  for  me  to  observe  whether  it  really 
exists.  Portions  of  the  genital  glands  were  found  clinging  to 
the  basal  region  of  the  Mundscheibe,  but  their  true  form  and 
relation  to  other  organs  could  not  be  determined.  The  distal 
region  of  the  mouth-apparatus  is  the  best  preserved  of  all  the 
fragments  which  were  studied.  These  are  -markedly  peculiar 
and  different  from  the  same  structures  in  other  medusae  which 
have  been  figured. 

Two  diflferent  sets  of  appendages  to  the  oral  cylinder  make 
up  the  distal  extremities  of  the  oral  apparatus.  The  longest 
of  these,  eight  in  number,  are  direct  continuations  of  the  oral 
cylinder,  and  will  be  known  as  the  oral  arms.  The  second 
set  of  appendages  are  shorter  than  the  former  and  are  sixteen 
in  number.  These  will  be  described  as  the  scapulettes. 
The  oral  arms  are  gelatinous,  more  or  less  angular  appen- 
dages, arising  from  small  supports,  and  gradually  broadening 
and  enlarging  towards  their  free  distal  ends.  Near  their  free 
extremity  they  subdivide  in  fleshy,  gelatinous  lobes,  along  the 
edges  of  which  are  sucker-like  structures,  which  will  be 
described  as  sucker-frills.  The  outer  or  abaxial  region  of  the 
oral  arms  is  smooth,  rounded,  angular,  the  gelatinous  wall 
being  rather  thick.  On  the  axial  side  the  gelatinous  substance 
of  the  oral  arms  thins  out,  and  along  the  margin  the  lobes  bear 
sucker-frilla  Each  oral  arm  is  generally  irregular,  trifid,  and 
in  some  cases  we  find  a  large  number  of  gelatinous  lobes  at  the 
distal  end  of  the  arm.  When  the  arm  has  three  lobes,  two  of 
these  lobes  were  observed  pointing  abaxijJly  and  one  axially. 
Along  the  free  edges  of  these  lobes  there  extends  a  thin,  mem- 
branous structure  with  small  papillae  or  pigmented  projections. 
These  membranous  folds  are  mouths,  and  from  their  form  ace 
called  the  sucker-frills.  Those  frills  on  the  two  outer  lobes 
are  known  as  dorsal  frills;  those  on  the  axial,  the  ventral  frills. 
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The  ventral  frills  extend  along  the  axial  edge  of  each  of  the 
oral  arms  to  the  junction  of  the  oral  cylinder,  while  the  dorsal 
are  simply  turned  outward  and  do  not  extend  along  the  outer 
sides  of  the  arms,  which  are  smooth  and  destitute  of  appen- 
dages. In  addition  to  the  three  lobes  mentioned — two  dorsal 
and  one  ventral — there  are  others  also  bearing  sucker-frills, 
so  that  in  some  instances  it  is  impossible  to  recognize  three 
separate  lobes. 

The  lobes  bear  terminally  long,  gelatinous,  filamentary 
appendages  called  "  Kolben/ormige  Qallerikndp/e.  These  bodies, 
always  gelatinous  and  colorless  in  alcohol,  are  of  varying  sizes 
and  lengths,  sometimes  slender,  often  inflated,  short,  band- 
shaped.     These  appendages  are  numerous.*    The  smaller  ap- 

Eendages  to  the  oral  cylinder  are  sixteen  in  number  and  are 
nown  as  the  scapulettesf  or  upper  leaf-like  appendages.  They 
arise  one  on  each  side  of  the  base  of  the  oral  arms  a  short  dis- 
tance above  the  separation,  and  hang  down  parallel  with  the 
oral  arms.  Two  surfaces  may  be  distinguished  in  each  scapu- 
lette — an  abaxial  convex,  and  an  axial  concave  side.  The 
concave  side  is  smooth,  gelatinous,  thick,  rounded  or  angular. 
The  convex  side  is  more  irregular,  and  lobed,  skirted  by 
sucker-frills  resembling  those  of  the  ventral  lobes  and  the  axial 
side  of  the  oral  arms.  The  color  of  the  sucker-frills  of  the 
scapulettes  in  alcohol  recalls  that  of  the  sucker-friJls  of  the 
oral  lobes. 

The  relative  position  of  the  scapulettes  as  compared  with  the 
oral  arms  may  be  seen  in  my  figure.  Whether,  however,  these 
bodies  are  hidden  by  the  margin  of  the  umbrella  when  in  con- 
traction cannot  now  be  determined.  The  reader  is  reminded 
that  in  my  specimen  the  oral  cylinder  is  broken  from  the  bell, 
and  so  far  as  this  goes,  our  figure  is  a  restoration  intended  to 
show  the  bell-margin  and  the  scapulettes,  not  the  relation  of 
one  to  the  other. 

Affinities.— Nectopilema  is  thought  to  be  a  member  of  the 
family  of  Acrasped'a  called  by  Hseckel  the  Pilemidce.  The 
family  Pilemidce  Haeck.  incluaes  Bhizostomatous  Acraspeda 
with  four  separate  subgenital  cavities,:):  and  with  dorsal  as  well 
as  ventral  sucker-frills  on  the  eight  mouth-arms.  No  tentacles 
and  no  central  mouth  opening,  and  numerous  sucking-frills 
extending  along  the  oral  arms  perform  the  functions  of  the 

♦The  number  and  character  of  these  appendages  recall  what  has  been  de- 
scribed in  a  RJwpilema  from  the  China  Sea.  They  resemble  the  ''  Peiischen  Fila- 
menten^''  of  Polyrhiza  and  oibers. 

t  This  term  here  used  to  designate  these  bodies  is  the  modified  "  Scapuletien  " 
of  HseckeFs  description.  It  seems  to  me  a  better  designation  for  these  bodies 
than  the  term  *'  leaflike  appendages"  sometimes  used  in  descriptions. 

X  From  the  mutilated  condition  of  my  specimen  the  structure  of  the  genital  cav- 
ities could  not  be  made  out. 
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mouth.  Eight  sense  bodies  on  the  bell-tnargin.  Eight  to 
sixteen  or  more  narrow  radial  canals,  branched,  and  forming 
by  anastomosis  a  network  of  vessels  in  the  subumbrella.  Gen- 
erally with  a  ring  canal*  Four  internemral  sexual  glands  in 
the  aboral  wall  of  the  four  separate  gastral  subgenital  cavities. 
The  Pilemidm  are  divided  into  three  sub-families;  I.  The 
Lychnorhizid^.    II.  The  Eupilemid^.    III.  The  Stomo- 

LOPHIDJS. 

The  Lychnorhizidm^  among  other  characteristic  features,  dif- 
fer from  the  other  sub-families  in  the  absence  of  scapulettes. 

The  ISupilemidoB  and  Stomolophidoe  have  eight  pairs  of  scap- 
ulettes, but  in  the  former  sub*  family  the  eight  oral  arms  are 
three-wingedjf  free  from  each  other,  and  not  grown  together. 
In  the  Stomobphidce  the  oral  arms  are  dichotomously  branched, 
and  more  or  less  grown  together.  Nectopilema  is  thought  to 
belong  to  the  sub-family  of  EupiUmidcBy  and  to  be  allied  to 
Pilema  and  Rhopilema.  The  presence  of  "  Scapuletten  "  re- 
moves it  from  the  LychnorhmdoBy  Toreumidce^  and  Orambessidce 
as  defined  by  HsBckel.  It  differs  from  the  iStomolophtdcB  Hsdck. 
in  that  the  oral  arms  are  not  consolidated  as  in  Stmnolophus^ 
nor  dichotomously  branched  at  their  free  extremities  as  in 
BrachtohphuSj  the  only  two  genera  of  this  sub-family.  It  is 
more  closely  allied  to  jBrachiolophus  than  to  Stomolophus, 

The  close  allies  of  Nectopilema  among  the  Eupilemidce  are 
the  two  genera  Pilema  and  Rhopilema.  From  the  former  it 
differs  in  several  particulars,  the  most  striking  of  which  is  the 

t)ossession  of  numerous  "  QtiUertknopfe "  appended  to  the 
obes  of  the  oral  arms.  Whether  this  feature  is  enough  to 
separate  Rhopilema  from  Pilema  cannot  be  discussed  here.  It 
is  noteworthy  that  Hseckel  found  a  specimen  of  the  common 
P.  octopus  {nhizostoma  octopus  auct.),  regarded  by  him  as  abnor- 
mal, in  which  there  were  numerous  appendages  to  the  oral 
arms,  as  in  Rhopilema. 

Of  the  different  species  of  Pilema  all  except  P.  clavigera 
HsBck.  have  a  larger  number  of  marginal  lappets  in  the  um- 
brella margin  than  Nectopilen^,  which  has  lorty-eight  velar 
lappets  (six  in  each  octant)  and  sixteen  occular,  while  P. 
clavigera  has  thirty-two  velar  and  sixteen  occular  lappets. 
Nectopilema  has  numerous  filamentous  appendages  to  the  oral 
arms,  while,  as  far  as  known,  P.  clavigera  HsBck.  has  but  one. 

*  XectopiUma  has  no  marginal  ring  canal. 

f  Both  the  Lychnorhizidsd  and  the  Eupilemidse,  according  to  HsBckel,  have  the 
eight  oral  arms  '' dreikantig^*  or  ^^  drei/iugelig,^*  while  the  Stomolophidse  have 
oral  arms  dichotomously  branched,  more  or  less  grown  together.  The  lobes  of 
Nectopilema  are  more  than  three  to  each  oral  arm,  but  the  arms  are  not  branched 
nor  grown  together.  This  fact  adds  a  new  argument  to  support  my  supposition 
that  Nectopilema  stands  on  the  border  line  between  BrachiolophuSj  PiUmOt  and 
BhopiUnuL 
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RhopHema  has  sixteen  small  velar  and  two  oocnlar  lappets  in 
each  octant,  which  is  thought  to  be  a  sufficiently  marked  dif- 
ference to  separate  it  from  Nisctopilema^  which  has  six  velar  and 
two  marginal  lappets  in  each  octant*  Moreover,  Grenacher 
and  Noll's  figure  of  Rhizostoma  luteum  Gren.  &  Noll,  to  which, 
Bccording  to  H.sdcke\,  P.  clavtgera  is  related,  differs  from  that, 
of  my  Nectopilema  so  widely  that  I  cannot  think  that  my 
genus  is  the  same  as  his  P.  clatngera.     ^ 

There  remains  to  be  mentioned  the  relationship  of  Nectopi- 
lema to  the  genus  Polyrhiza,  a  genus  belonging,  according  to 
Haeckel,  not  to  the  Pilemidce  but  to  the  ToreumidfE.  Of  all 
the  ToreumidcB^  Polyrhiza  is  the  most  closely  allied  to  the 
Pilemidce  and  to  the  sub-family  Stomohphida.  It  certainly  is 
not  known,  so  well  as  might  be  wished,  what  is  the  structure 
of  certain  organs  of  Polyrhissaj  nor  what  its  true  affinities 
are.  Haeckel  has  placed  it  in  the  family  of  Toreumidce,  while 
Brachiolophtis  and  Rhopilema  are  placed  with  the  PilemidoR. 
There  are  resemblances  between  IOiopilema\  and  Polyrhiza 
which  imply  their  close  relivfionship.  As  Nectopilema  has 
strong  resemblances  to  Rhopilema,  it  also  has  affinities  with 
Polyrhiza  Ag.  I  cannot,  however,  place  it  in  this  genus  as  at 
present  defined. 

The  following  characters  when  combined  are  thought  to  dis* 
tinguish  Nectopilema  from  other  Pilemidce:  Six  velar  lappets 
in  each  octant;  no  tentacles;  sixteen  scapulettes;  eight  6ral 
'arms  with  numerous  gelatinous  filiform  appendages,  *'  Oalleri- 
'knop/e.^*  The  genua  is  believed  to  belong  to  the  Pilemidse, 
connecting  the  Stomolophidse  and  the  Eupuemidse. 

EXLPAKATION  OF  THE   PLATB. 

Tliis  Plate  represents  a  side  view  of  Nectopilema^  showing  the  oral  arms  and  a 
portion  (quadrant)  of  the  umbrella  margin.  As  the  bell  was  in  fragments  it  was 
not  possible  to  g^ye  its  form,  and  therefore  the  relative  extension  of  the  oral 
appendages  beyond  the  bell-margin  may  not  be  accurately  represented. 
'  I II  the  medial  line  on  the  bell-margin  a  sense  body  is  represented.  On  either 
side  we  have  octants  of  the  bell-margin  with  occular  and  velar  lappets. 

The  bodies  seen  behind  the  bell-margin  are  sexual  bodies,  llieir  extension  is 
more  or  less  conjectural,  as  they  were  more  or  less  ruptured.  The  leaf-like  ap- 
pendages to  the  sides  of  the  oral  apparatus  below  the  bell-margin  are  the  scapu- 
lettes. The  lower  part  of  the  oral  appendages  or  oral  arms  bear  filamentous 
appendages  or  "  Kolbenformigd  (roUertknop/e.^^ 

The  figure  was  drawn  p-om  nature  by  Mr  J.  Henry  Blake.  It  is  one-half 
natural  size  of  the  alcoholic  specimen. 

♦The  marginal  lappets  correspond  closely  with  those  of  Oraniborhiza flageUaia 
or  macronema  (both  specific  names  given  by  Hteckel  in  the  same  work,  op,  cit). 
This  genus  (Cramborhiza),  according  to  HsBckel,  is  allied  to  Lychnorhiza,  which 
has  no  scapulettes. 

,  f  It  is  probable  that  the  numerous  "  Kolbenformige  GaUeriknopfe^^  of  Rhopilema 
and  the  ''  Peitachen  FHamenten^^  of  Polyrhiza  are  homologous. 

Cambridge,  Mass.,  Dec.,  1886. 
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Art.  XIV. — A  short  Study  upon  the  Atmosphere  of  ^  Lyrm  ; 
by  Orray  T.  Sherman. 

A  COMPARISON  of  the  observations  upon  the  spectra  of  those 
stai*s  admitted  to  possess  a  spectrum  comprising  bright  lines 
leads  to  the  conclusion  that,  while  persistent  in  place,  the 
bright  line  is  not  persistent  in  intensity.  That  this  is  the  case 
in  the  solar  chromosphere,  ^  Lyrse,  y  Oassiopeiad,  R.  Geminorum, 
y  and  tj  Argus,  the  Wolf  and  Eayet  stars,  and  through  the 
courtesy  of  Dr.  Konkoly  we  add  rj  Ceti,  may  not  be  doubted. 
In  the  others  also  it  seems  probable.  This  peculiarity,  now 
presented  as  a  characteristic  of  the  bright  line  in  stellar  spectra, 
affords  a  distinction  between  bright  line  light,  bright  back- 
ground space,  and  any  accidental  disturbance  the  spectrum 
light  may  suffer. 

Under  its  guidance  the  observation  was  extended  to  noting 
the  relative  places  of  every  persistent  or  at  times  outflashing 
break  in  the  spectrum  light,  and  the  single  observation  was  re- 
placed by  a  series  as  frequently  as  opportunity  allowed.  For 
greater  intensity  of  bright  line  light,  the  sharply  focussed  star 
was  made  to  replace  the  slit,  the  jaws  being  symmetrically 
opened,  so  that,  while  allowing  the  full  disc  to  pass,  any  dis- 
placement soon  caused  a  diminution  of  the  stellar  light  For 
reference  spectra  the  jaws  were  reclosed.  The  cylindrical  lens 
was  removed.  The  observing  telescope  was  of  low  power.  For 
least  intensity  of  background  light,  the  highest  dispersions 
practicable  were  employed.  No  foreign  light  was  permitted, 
the  telescojpe  bejng  set  during  the  day  so  as  to  be  swept  upon 
the  star.  The  record  was  automatically  made.  The  routine  of 
observation  is  as  follows:  For  some  time  previous  the  ob- 
server's eye  is  kept  in  the  dark.  Seated  at  his  telescope,  he 
has  then  before  him  a  faint,  barely  traceable  line  of  light,  bead- 
ing or  imbedded  in  which  are  a  number  of  bright  monochro- 
matic stellar  images.  These  points  are  brought  so  as  to  be 
bisected  by  the  edge  of  the  thick  cross-bar  which  it  is  desirable 
to  employ.  The  position  is  recorded  and  the  observer  proceeds 
to  the  next  dot  In  this  way  he  has  usually  passed  through 
the  first,  second  and  a  portion  of  the  third  spectrum.  At  tue 
end  of  the  observation  the  position  of  the  bright  lines  afforded 
by  a  salted  alcohol  flame  or  PlUcker's  tube  are  added.  The 
slip  is  withdrawn.  The  relative  position  of  the  punctures  are 
measured  and  the  wave-length  reduced  by  a  proper  formula. 
The  record  of  the  three  spectra  combined  in  one  is  then  re- 
corded as  the  result  of  the  day's  observation.  The  spectra  in 
which  the  especial  line  has  been  observed  forms  a  measure  of 
its  intensity.  In  combining  one  day's  work  with  the  others, 
those  lines  which  lay  nearest  together  have  been  referred  to 
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the  same  line.  No  line  has  been  admitted  unless  circuifistances 
rendered  its  admission  necessary.  The  mean  of  each  horizontal 
line  has  then  been  taken  as  the  approximate  wave-length. 
Throughout  the  observation  the  observer  has  absolutely  no 
definite  knowledge  of  the  identity  of  any  especial  dot.  Nor  is 
it  possible  for  him,  while  at  the  telescope,  to  connect  one  day's 
work  with  another.  Nor  in  tabulating  is  there  any  great 
chance  for  judgment. 

These  appearances  seem  worthy  to  be  classed  as  bright  lines, 
for  (1)  they  are  seen  as  well  with  prism  as  with  grating ;  (2) 
their  number  increases  as  the  dispersion  increases ;  (3)  they 
occur  for  periods  together,  and  are  absent  for  periods  together  ; 

(4)  they  remain  constant  in  position  but  vary  in  intensity ;  at 
times  they  are  dazzling  bright,  and  at  times  they  are  faded, 
scarcely  noticeable ;  at  times  they  remain  a  steady  glare,  at 
other  times  they  sparkle  in  and  out,  are  caught  only  in  instants ; 

(5)  these  variations  are  not  dominated  by  the  weather,  they 
may  be  bright  or  dull  under  the  most  favorable  circumstances, 
and  dull  or  bright  under  the  most  unfavorable. 

Our  final  list  contains  over  a  hundred  and  fifty  positions ; 
some  appear  so  few  times  that  independently  they  could  not  be 
claimea  as  bright  lines.  Although  probably  correct  to  within 
two  in  the  fourth  figure,  yet  they  are  useless  for  purposes  of 
identification.  The  number  of  observations,  however,  places  a 
means  of  discriminating  at  our  disposal.  If  those  lines,  which 
are  capable  of  being  referred  to  a  single  substance,  varied  to- 
gether, we  may  fairly  consider  that  they  belong  to  the  same 
substance. 

In  this  way  we  have  identified  hydrogen^  presenting  in  ad- 
dition to  the  four  ordinary  excitation  lines  to  which  we  are 
accustomed,  a  large  number,  perhaps  ninety,  due  to  its  low 
excitation  spectra. 

Oxygen  presents  eleven  lines  of  its  high  excitation  spectrum, 
and  in  addition  the  glmo  of  the  negative  pole  represented  by  six- 
teen lines. 

Nitrogen  presents  probably  eighteen  lines  of  its  high  excita- 
tion spectrum,  and  in  addition  the  glow  of  the  negative  pole 
represented  by  five  lines.  • 

Carbon  presents  five  lines,  generally  occurring  together. 

Compounds  of  carbon  and  hydrogen  present  seven  lines,  gen- 
erally occurring  together.  Oxygen  and  carbon  in  combination 
present  eight  lines  generally  occurring  together.  Nitrogen  and 
carbon  in  combination  are  probably  represented  by  the  most 
intense  line  of  the  cyanogen  spectrum,  but  from  the  scantiness 
of  the  data  we  are  unable  to  speak  with  certainty. 

Magnesium  is  represented  by  five  lines  generally  occurring  to- 
gether, and  yet  the  traces  of  magnesium  burning  in  hydrogen 
are  very  faint 
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The  whole  of  this  evidence,  the  low  temperature  of  the 
hydrogen  spectrum,  the  apparent  ease  with  which  the  hydro- 
carbon* compound  forms,  the  fact  that  during  its  formation 
there  is  an  increase  in  the  star's  variable  light  without  accom- 
panying evidence  of  combustion  and  the  spectra  of  the  nega- 
tive glow,  presents  us  with  the  fact  of  an  electric  discharge  in 
which  hydrogen  plays  the  part  of  the  positive  pole,  and  oxygen 
and  nitrogen  the  parts  of  the  negative  pole.  From  evidence 
presented  by  the  bright  linef  stars,  noting  that,  roughlv  speak- 
ing, the  high  erexcitation  hydrogen  belongs  to  the  brigtiter,  the 
lower  to  the  fainter  stars,  we  are  inclined  to  think  this  charge 
the  residual  of  that  produced  by  chemical  action,  perhaps  simply 
dissociation  taking  place  in  the  interior.  We  will  not  stop  here 
to  recall  to  the  stuaent  of  terrestrial  and  cosmical  physics  the 
evidence  presented  by  comets,  by  the  magnetic  needle,  by  cer- 
tain bands  of  the  solar  spectrum,  by  sun  spots,  by  the  zodiacal 
light  perhaps,  and  many  similar  phenomena,  not  only  of  an 
electric  charge  upon  the  sun,  but  also  of  a  cold  atmosphere  be* 
tween  it  and  our  earth. 

We  have  studied  these  spectra  with  regard  to  their  appear- 
ance in  time,  and  find  evidence  of  a  force  especially  evident  in 
the  nitrogen  negative  glow,  in  the  magnesium  and  in  the  hydro- 
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gen,  whose  laws  our  short  series  does  not  permit  us  to  deter- 
mine, but  which  is  probably  the  cause  effecting  the  disappear- 
ance of  the  hydrogen  lines  in  1874,:|:  and  their  reappearance 
in  1883,  and  is  perhaps  similar  to  that  causing  the  sun  spots. 
ji*^We  have  also  studied  the  spectra  with  regard  to  the  varia- 
tion of  the  star's  light,  a  single  period  of  which  derived  from 
observations  by  Sawyer  is  represented  in  the  adjoining  cut. 
And  we  find  in  the  spectra  of  hydrogen,  oxygen  and  their  car- 
bon compounds  a  simultaneous  variation.  To  any  one  ac- 
quainted with  Berthelot's§  work,  upon  the  action  of  mixtures 
of  these  gases  under  an  electric  spark,  this  will  appear  quite 
natural.  The  rise  in  the  curve  from  primary  minimum  to  pri- 
mary maximum  corresponds  to  a  period  of  increasing  oxygen, 

♦Ann.  Chim.  et  Phys.,  Ill,  Ixvii,  67,  1863.     fThe  Astron.  Jour.,  No.  4,  vol.  vii. 
X  Astronomlsche  Nachrichten,  No.  2681.         §  Oomptes  Rendus,  t.  Ixviii,  1869. 
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of  increasiDg  hydro-carbon,  and  of  an  almost  entire  absence  of 
carbonic  acid.  The  downward  slope  to  secondary  rainimam 
corresponds  to  a  period  abundant  in  carbonic  acid,  almost  want- 
ing, in  oxygen  with  variable  evidences  of  hydro-carbon.  The 
remaining  portion  of  the  curve  corresponds  to  a  period  in  which 
the  evidences  of  hydro-carbon,  oxygen,  and  carbonic  acid  are 
irregularly  variable";  as  would  be"  the  case  if  the  light  waxed 
and  waned  by  a  series  of  undulations  similar  to  those  which 
Chandler*  tells  us  are  actually  observed.  The  final  slope  cor- 
responds to  a  period  of  decreasing  carbonic  acid,  increasing 
hyaro-carbon,  increasing  oxygen,  preparing  as  it  were  for  a 
conflagration  at  primary  minimum,  and  such  apparently  takes 

i>lace.  It  is  of  interest  to  remark  that  hydro-carbon  probably 
ormed  a  part  of  the  spectra  of  both  Nova  Cygni  and  the  star 
near  jf,  Orionis,  but  was  only  traceable  near  the  star's  maximum. 
Beca]ling  Lockyer's  result  in  the  study  of  the  solar  atmos- 
phere, agreeing  as  it  does  with  certain  observations  which  we 
have  quoted  above,  we  may  picture  to  ourselves  the  condition 
of  the  stellar  atmosphere,  ana  the  action  therein  somewhat  as 
follows:  An  outer  layer  of  hydrogen  positively  electrified,  an 
inner  layer  of  oxygen  negatively  electrified,  and  between  them 
a  layer  of  carbon  mingling  on  its  edge  with  hydrogen.  The 
electric  spark  passing  through  the  mixture  forms  the  hydro- 
carbon compound,  whose  molecular  weight  carries  it  into  the 
oxygen  region  where  combustion  ensues  with  the  formation  of 
carbonic  acid  and  aqueous  vapor,  both  of  which  descending 
under  the  influence  of  their  molecular  weight  are  again  dis- 
sociated by  internal  heat,  and  return  tQ  their  original  positions. 
Under  the  insight  which  this  result  gives  we  have  found  the 
spectrum  of  the  nebulaef  referable  to  low  excitation  hydrogen, 
the  spectra  of  the  bright  line  stars  referable  to  high  excitations 
oxygen  and  hydrogen  of  higher  or  lower  excitation  according 
as  the  central  star  is  of  a  high  or  low  magnitude,  and  as  far 
as  the  accurdcy  of  the  observations  permits,  r  Coronse,  Nova 
Andromedee,  Nova  Cygni  and  the  star  near  jf,  Orionis  itself  a 
variable,  likewise  referable  to  the  same  spectra  similarly  con- 
ditioned. There  is  also  reason  for  thinking  that  a  similar 
atmosphere  in  similar  physical  conditions,  lies  betweeii  us  and 
the  sun,  and  it  seems  a^  if  we  might  consider  that  from  the 
faintest  nebula  to  the  most  highly  finished  star  we  have  but 
progressive  stages  of  the  phenomenon  here  presented.  To 
observe,  to  differentiate,  to  classify,  to  interpret,  presente  a  vast 
field  of  deep  interest  and  high  promise.  This  line  of  investi- 
gation, however,  will  appreciate  both  new  work  in  the  labora- 
tory and  new  methods  with  the  telescope.  To  prepare  these  is 
DOW  our  charge;  later  we  hope^  under  some  clearer  sky,  to 
reenter  the  field. 

♦  Chandler.    Astronomical  Journal,  vol  vii,  No.  1.    f  ^^^^^  vol.  vii,  No.  6. 
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Art.  XV. — Phenacite  from  Colorado;  by  Samuel  L.  Pen- 
field.  With  notes  on  the  locality  of  Topaz  Butte;  by  Walter 
B.  Smith. 

The  occurrence  of  phenacite  in  the  United  States  was  first 
mentioned  by  Messrs.  Cross  and  Hillebrand,*  who  published  a 
short  description  and  figure  of  a  crystal  occurring  with  micro- 
cline  (amazon  stone)  from  the  Pike's  Peak  region,  El  Paso  Co., 
Colorado ;  later  these  same  authorsf  gave  a  more  detailed  de- 
scription of  more  complicated  crystals  from  Florissant,  in  El 
Paso  Co.  At  about  the  same  time  Mr.  W.  E.  Hidden^  men- 
tioned the  occurrence  of  phenacite  from  Florissant ;  a  second 
note  by  him,  recently  §  published,  contains  some  crystallo- 
graphic  notes  and  two  figures  by  Prof.  Des  Cloizeaux,  of 
Paris.  Some  additional  facts  regarding  the  crystallization  of 
this  remarkable  mineral  with  some  new  figures  may  not  be 
without  interest  to  those  who  are  especially  interested  in  Ameri- 
can minerala  In  addition  to  the  crystals  from  the  above  men- 
tioned locality,  I  have  also,  through  the  kindness  of  Mr.  Whit- 
man Cross,  been  provided  with  crystals  from  an  entirely 
different  locality,  and  with  different  associations  and  crystalline 
habits,  which  are  especially  worthy  of  description. 

The  lenticular  crystals  which  have  already  been  described 
are  from  Topaz  Butte,  near  Florissant,  and  about  sixteen  miles 
from  Fike's  Peak.  In  studying  them,  the  first  point  noticed  is 
their  great  similarity  in  habit  to  those  described  and  figured  by 
N.  V.  Kokscharow,!!  from  the  Ilmengebirge,  Urals,  where  they 
occur  with  the  same  associations  on  amazon  stone.  All  of  the 
forms  mentioned  by  Kokscharow  occur  on  the  crystals  from 
Topaz  Butte,  and  besides  them  I  have  found  no  others.  His 
figures  also  represent  very  closely  the  habit  of  the  crystals. 
The  specimens  which  I  have  examined  include  those  in  the 
collection  of  Prof.  Geo.  J.  Brush,  the  Yale  College  cabinet,  and 
two  loose  crystals  from  the  collection  of  Mr.  C.  S.  Bement,  of 
Philadelphia.  The  forms  which  have  been  identified  are  as  fol- 
lows :  they  are  of  especial  interest  because  belonging  to  the 
rhombohedral-tetartohedral  division  of  the  hexagonal  system.^ 


Rhombohedrons  let 
order. 

Rhomb.  2d  order. 

Rhombt  3d  order. 

Prtami. 

r,  lOll,  +1 
a,  01  II,  -1 
d,  0ll2,  -i 
H,  0221,  -2 

P.    1123,  rf. 2, 
i>„2113,  Z|.2, 
0,   4223,  /J-2, 

X,    l322,  —r  H 
a;,,  1232,  -/H 
5,    2131,  +r34 

a,  1120, 
w,  1010, 

i.2 

1 

*Thi8  Journal,  III,  xxiv,  282.        +  Bulletin  No.  20  of  U.  S,  Geological  Survey. 

?Thi8  Journal,  III,  xxix,  249.        §  This  Journal,  III,  ixxii,  210. 
Materialien  zur  Mineralogie  Russlands,  ii,  322. 
^  As  these  forms  are  tetartrohedral,  i  should  be  understood  before  each  of  the 
Dana  symbols. 
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In  addition  to  the  above,  Des  Cloizeaux  identified  a  third 
prism  yfe,  4iSo,  *-J,  and  a  new  plane  which  he  lettered  2,  1344,  — /  i-t 
which  were  not  identified  on  the  crystals  which  I  have  ex- 
amined. In  lettering  the  forms  I  have  followed  Kokscharow,. 
with  only  a  few  deviations,  r,  2,  fx  and  m  above  equal  jff,  r,  m 
and  g  respectively  of  other  authors. 

All  of  the  crystals  which  I  have  seen  occurring  on  the  feld- 
spar are  lenticular  in  shape,  resulting  from  the  slight  develop- 
ment of  prismatic  and  predominance  of  rhombohedral  forms. 
Fig.  1  represents  the  form  of  crystals  which  occur  with  topaz  on 
a  brownish,  lamellar  albite.  This  specimen  is  in  Prof.  Brush's 
collection,  labeled  only  Pike's  Peak ;  the  crystals  are  a  trifle 
simpler  than  those  occurring  on  the  amazon  stone  from  Floris- 
sant, and  it  may  be  that  they  are  from  some .  other  special 
locality  in  the  Pike's  Peak  region.  Here  the  rhombohedron  r 
predominates,  d  is  large,  and  the  two  forms  p  and  p^  are,  as  is 
usually  the  case,  about  equally  developed  ;  the  other  forms  2, 
a  and  m  are  at  times  wanting,  and  scarcely  ever  more  developed 
than  shown  in  the  figure.  The  crystals  occurring  on  the 
amazon  stone  are  usually  more  highly  modified.  Fig.  2  repre- 
sents the  forms  which  were  observed  on  a  crystal  from  Mr.  C. 
S.  Bement's  collection,  while  fig.  3  is  a  basal  projection  of  the 
same  with  the  position  of  the  lower  faces  dotted  in,  which  is 
well  suited  to  show  the  tetartohedral  character  of  the  crystal. 


All  of  the  forms  mentioned  in  the  above  list  are  shown  in  these 
figures  except  fi  and  m ;  fx  was  not  observed  on  this  crystal, 
and  m  only  as  a  very  narrow  face.  While  the  usual  custom 
has  been  followed  of  drawing  these  crystals  so  that  an  edge  of 
the  positive  rhombohedron  above  runs  toward  the  observer, 
the  basal  projection  has  been  so  turned  that  the  positive  rhom- 
bohedron above  is  in  front,  so  that  the  indices  in  the  above  list 
of  forms  can  be  better  understood.  The  relative  size  and  posi- 
tion of  the  rhombohedrons  of  the  first  order  can  readily  be 
understood  from  the  figurea  Of  rhombohedrons  of  the  second 
order  there  is  a  decided  predominance  in  size  of  ;?  to  the  right 
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of  r,  over/),  to  the  left ;  unfortunately  the  crystal  had  been  so 
attached  that  the  relative  size  and  position  of  these  feces  on 
the  lower  side  could  not  be  observed  ;  on  the  top  of  the  crystal, 
however,  the  three  alternating  faces  were  large,  the  other  three 
small,  as  shown  in  the  figure:  o occurs  only  to  the  left  of  r,  be- 
ing present  three  times  above  and  three  below.  Of  rhombo- 
hedrons  of  the  third  order,  x  and  x^  occur  under  the  negative 
rhombohedron,  z,  both  to  the  right  and  left,  and  are  about 
equally  developed,  while  s  occurs  under  the  positive  rhombo- 
hedron r  to  the  right  only.  These  forms  have  not  only  the 
same  symbols,  but  also  the  same  position  with  reference  to  the 
positive  rhombohedron  on  the  Colorado  as  on  the  Bussian 
phenacites,  as  shown  by  a  comparison  with  the  figure  of 
Kokscharow. 

The  remaining  crystals,  which  are  to  be  described,  are  from 
an  entirely  new  locality,  Mt.  Antero,  in  Chaffee  Co ,  about  one 
hundred  miles  southwest  of  Denver,  fifty-five  miles  from  Topaz 
Butte,  and  sixty-five  miles  a  little  to  the  south  of  west  from 
Pike's  Peak.     Mt.   Antero  is  over  14,000  ft  high,  and   the 

Ehenacites  were  found  by  a  prospector  (whose  name  I  do  not 
now)  at  one  spot  on  the  surface,  in  a  streak  up  and  down  the 
steep  slope  of  the  mountain  and  above  the  timber  line,  proba- 
bly at  an  altitude  of  12,000  feet.  The  crystals  were  given  by 
the  discoverer  to  the  Be  v.  B.  T.  Cross,*  of  Denver.  So  far  as 
known  the  country  rock  is  granite,  and  the  associations  are 
beryl,  quartz  and  feldspar.  The  suite  of.  specimens  in  the 
author's  possession  consists  of  eight  specimens  of  pale,  bluish 
green  aquamarine,  upon  three  of  which  the  crystals  of  phena- 
cite  are  implanted.  The  crvstals  are  prismatic,  and  the  largest, 
about  7°*°*  m  length,  is  implanted  in  an  inclined  position  upon 
the  basal  plane  of  the  beryl,  while  others  are  scattered  irregu- 
larly over  the  prismatic  faca  The  specimens  were  proba- 
bly not  found  in  place,  as  the  edges  of  the  crystals  are  more  or 
less  rounded  and  nicked,  as  if  they  had  rolled  around  in  contact 
with  other  hard  minerals.  The  bervl  crystals  are  deeply 
striated  parallel  to  the  vertical  axis  and  eaten  out,  having  per- 
haps furnished  the  material  for  the  formation  of  the  phenacite. 
The  habit  of  the  phenacite  crystals  is  remarkable,  and  is  shown 
in  fig.  4  in  ordinary  projection,  and  in  fig.  5  in  basal  projection, 
the  figures  being  placed  in  the  same  relative  position  as  those 
above.  In  the  prismatic  zone  the  prism  of  the  second  order  a 
prevails,  while  m  is  always  small,  in  some  cases  wholly  want- 
ing. The  crystals  are  terminated  mainly  by  the  rhombohedron 
of  the  third  order  «,  1322,  — r  f-f:  The  unit  rhombohedron  r  is 
small  and  in  a  zone  between  it  and  the  prism  a  is  the  rhombo- 

*  Some  notes  upon  this  locality  by  the  Rev.  R.  T.  Cross  will  be  found  on  a 
later  page  of  this  Journal. 
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hedron  of  the  third  order  s.  At  the  top  of  the  crystal  are 
the  three  small  faces  of  the  minus  rhombohedron  d.  The 
prismatic  faces  are  striated  not  only  vertically,  especially  that 
part  of  the  prism  farthest  away  from  the  s  face,  but  also  near 
each  s  face  parallel  to  the  intersection  between  s  and  a.  These 
two  sets  of  striations  do  not  cross  but  meet  along  a  line  run- 


ning in  an  inclined  direction  across  the  a  face ;  the  s  and  r  faces, 
especially  the  former,  are  also  striated  parallel  to  the  intersec- 
tion between  s  and  a.  These  striations  point  to  vicinal  faces, 
prisms  and  rhombohedrons  of  the  third  order,  but  no  definite 
mdices  could  be  assigned  to  them.  The  x  faces  are  not  smooth 
and  polished,  but  covered  with  little  prominences  with  curved 
unsymmetrical  contours.  Crystals  with  exactly  this  habit  have 
previously  been  described  by  Prof.  M.  Websky,*  of  Berlin, 
from  an  unknown  locality  in  Switzerland,  and  they  are  the  only 
crystals,  so  far  described,  which  are  terminated  mainly  by 
rhombohedrons  of  the  third  order.  It  is  interesting  also  to 
note  that,  while  in  the  Eussian  localities  the  crystals  of  phena- 
cite  occurring  on  amazon  stone  are  lenticular,  as  is  the  case 
also  in  Colorado,  the  crystals  from  the  emerald  mines  of 
Katharinenburg  are  prismatic,  terminated  however  not  by 
rhombohedrons  of  the  third,  but  by  those  of  the  first  and 
second  order. 

In  the  following  table  the  angles  are  given  which  were 
measured  for  the  identification  of  the  above  mentioned  forms 
and  also  the  corresponding  angles  calculated  from  the  funda- 
mental angle  of  Kokscharow,  r^r'y  ioii/vIioi=63®  24',  c=o-66i06. 
In  measuring  those  faces  which  are  deeply  striated,  and  where 
there  were  a  number  of  reflections  of  the  signal  the  most  promi- 
nent reflection  was  chosen. 

♦Jahrb.  f.Min.,  1882,  i,  207. 
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Lenticular  crystal 

Prysmatlc 

Galcalate 

from  Topaz  Bntte. 

Mt.  Antero. 

Eoksclian 

r  ^  r   lOll  ^   Toil 

63°  14' 

63"  24' 

63'  24' 

r   -v  d  lOll   ^  0ll2 

Sr  40' 

31"  30' 

31"  42' 

r  ^  p  lOll    ^   1123 

20'*  4' 

20"  4' 

r  A  0    lOll  ^  4223 

19"  19' 

19"  18' 

r  .N  o;^  lOll  ^  1232 

2r  42' 

27"  43' 

r  ^  5    lOll  ^  2131 

29'  59' 

29"  57' 

r  .s  a   lOll  A  1120 

SS**  17' 

68"  13' 

58"  18' 

d  ^  z    OlT2  vv  OlTl 

16"  26' 

16"  28' 

z   ^  ft   Olll   ^  0221 

19"  25' 

19"  28' 

5    ^  a   2131   A   1120 

28"  52' 

28"  21' 

a;  A  a;'  1322  ^  2l32 

75"  48' 

76"  57' 

In  closing,  I  wish  to  express  my  obligations  especially  to  Mr. 
Whitman  Cross,  of  the  U.  S.  Geological  Survey,  for  the  in- 
formation concerning  the  localities  and  associations  of  the 
Colorado  phenacites,  and  to  Rev.  R.  T.  Cross,  Prof.  Geo.  J. 
Brush  and  Mr.  C.  S.  Bement  for  the  material  which  they  have 
placed  at  my  disposal. 

Mineralogical  Laboratory,  SheflBeld  Scientifin  School,  Nov.  19th,  1886. 

Notes  on  the  Crystal  Beds*  of  Topaz  Butte ;  by  Walter  B. 

Smith. 

The  "ci-ystal  beds,"  from  which  by  far  the  greater  number 
of  the  specimens  labeled  Pikers  Peak  have  actually  come,  are 
situated  about  20  miles  northwest  of  that  point.  This  locality 
has  been  known  and  worked  for  about  20  years.  Topaz  Butte, 
a  sharp  point  five  miles  due  north  from  Florissant,  marks  the 
southern  limit  of  the  "crystal  beda"  It  is  the  highest  of  a 
chain  of  similar,  bare  granitic  points  extending  several  miles 
to  the  north  and  known  as  the  Crystal  Peaks.  A  rectangle, 
beginning  at  Topaz  Butte  and  running  six  miles  north  along 
the  above  ridge,  and  extending  three  miles  eastward,  will 
inchide  most  of  the  pockets  from  which  the  beautiful  amazon 
stone  and  smoky  quartz  crystals  have  been  taken. 

On  the  west  side  of  the  Crystal  Peaks,  pockets  have  been 
found  scattered  over  an  area  equal  perhaps  to  that  on  the 
eastern  slope,  but  they  are  fewer  by  far  in  number.  Phenacite 
and  topaz  have  been  found  in  three  of  these  pockets,  while 
neither  mineral  has  been  observed  on  the  eastern  side,  though 
the  formation,  conditions  and  associations  are  apparently 
similar. 

A  pocket  found  in  1884,  on  a  debris-covered  slope  about  one 
and  a  half  miles  northwest  of  Topaz  Butte,  yielded  the  first 
phenacites  and  topazes  that  were  found  in  this  region,  which 
have  been  described   by  Cross  and  by  W.  E.  Hidden.     The 

*  Extract  from  a  paper  read  Oct.  3,  before  Colorado  Scientific  Society,  to  be 
published  in  vol.  li,  part  2. 
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minerals  associated  with  pbenacite  in  this  poeket  are  topaz, 
microcline,  qaartz  (smoky  and  white),  albite,  fluorite,  limonite 
(pseudoraorph  after  siderite),  columbite  (very  rare),  and  biotite. 
At  this  pocket  the  writer  found  fragments, of  topaz,  albite, 
quartz,  and  microcline  with  phenacite  attached.  On  one  piece 
of  albite  were  fourteeti  distinct  crystals  of  phenacite  on  a  sur- 
face about  three-quarters  of  an  inch  square. 

The  largest  phenacite  ever  found  in  this  locality  is  a  rough 
lenticular  crystal  about  15""*  in  diameter.  Most  crystals  are 
colorless,  but  those  that  have  been  entirely  imbedded  in  ^angue 
are  generally  of  a  faint  wine  color;  one  was  observed  naving 
a  smoky  bluish  tinge.  All  phenacites  attached  to  microcline, 
here,  as  well  as  at  the  Specimen  Rock  locality,  have  been  on 
the  green  or  araazon  stone  variety.  A  few  phenacite  crystals 
have  been  observed  in  the  interior  of  smoky  quartz  and  of 
amazon  stone  crystals,  these  minerals  showing  no  evidence  of  a 
secondary  growth,  Phenacites  have  also  been  found  half  in 
quartz  and  half  in  microcline  when  the  two  minerals  are  in 
contact.  Other  crystals  seem  to  be  of  a  later  generation  than 
the  original  minerals  of  the  cavity,  as  they  occur  slightly 
attached  to  amazon  stone,  to  albite  coating  microcline,  and 
entirely  imbedded  in  the  limonite  crust  on  some  feldspars. 


Art.   XYL—TTie   Norites    of  tlie   **  Corilandl  Series "  on   the 
Hudson  River  near  Peekskill,  K  Z  ;  by  Geo.  H.  Williams. 

In  a  former  paper  on  the  "Peridotites  of  the  Cortlandt 
Series,'**  the  writer  has  described  the  most  basic  members  of 
that  extremely  varied  and  interesting  group  of  massive  rocks 
which  occupy  the  northwestern  corner  of  Westchester  County, 
N.  Y.  These  peridotites  are  characterized  by  the  presence  of 
the  mineral  olivine  and  the  almost  complete  absence  of  feldspar. 
They  are  most  abundantly  developed  on  the  western  edge  of" 
the  area*occupied  by  the  Cortlandt  rocks  (Stony  Point,  on  the 
west  bank  of  the  Hudson  River,  and  in  the  southern  part  of 
Montrose  Point)  but  are  also  met  with  at  several  localities  in 
its  southeastern  portion.  Quantitatively  they  make  up  but  a 
small  proportion  of  the  whole  series. 

By  far  the  larger  majority  of  the  Cortlandt  rocks  contain,  as 
their  most  important  constituent,  a  triclinic  feldspar.  Quartz 
and  orthoclase  also  occur  in  some  of  them,  although  these 
minerals  are  comparatively  rare.  Other  characteristic  compo- 
nents are  hypersthene,  augite,  hornblende  and  mica.     Magnetite 

♦This  Journal,  Jan.,  1886,  p.  26. 

Am.  Jour.  Sol— Third  Series,  Vol.  XXXIII,  No.  194.— February,  1887. 
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and  apatite  are  always  present,  though  in  varying  quantities, 
and  garnet  is  not  uncommon,  especially  around  the  edge  of  the 
area. 

The  predominating  rock-type  within  the  Cortlandt  area  is 
particularly  characterized  by  the  presence  of  hypersthene. 
Throughout  nearly  the  entire  township  east  of  the  New  York 
Central  and  Hudson  Biver  Railroad  and  also,  to  a  considerable 
extent  west  of  this,  rocks  of  this  class  prevail ;  and  still  ex- 
amples of  the  pure  norite  type,  composed  wholly  of  plagioclase 
ana  hypersthene,  appear  to  oe  exceptional.  In  nearly  all  speci- 
mens biotite,  hornblende  and  augite,  either  singly  or. together, 
accompany  the  hypersthene  in  every  conceivable  proportion 
and  thus  form  gradual  transitions  into  mica-diorite,  hornolende- 
diorite  and  gabbro.  These  rocks  are  developed  in  considerable 
purity  in  the  western  portion  of  the  township ;  and  yet,  through- 
out the  entire  Cortlandt  region,  intermediate  and  transitional 
forms  are  everywhere  more  abundant  than  well  defined  ex- 
tremes. The  naming  and  classification  of  particular  specimens 
becomes  a  matter  of  great  difficulty;  and  when  it  is  remem- 
bered that  to  the  mineralogical  variety  a  great  structural  diver- 
sity is  added,  some  idea  may  be  formed  of  the  number  of 
different  types  which  may  be  collected  within  this  very  limited 
district  ^ 

The  constant  occurrence  or  such  transitional  forms  and  the 
want  of  any  regularity  in  the  distribution  of  the  pure  types, 
makes  it  impossible  to  regard  these  rocks  as  anything  but  local 
modifications  or  special  facies  of  one  and  the  same  mass.  How- 
ever great  their  mineralogical  variety  may  be,  they  together 
form  but  a  single  geological  unit. 

As  already  stated  there  seems  to  be  a  peripheral  distribution 
of  those  rock-types  which,  like  diorite  and  gabbro,  differ  most 
widely  from  the  prevailing  norite.  A  possible  connection  be- 
tween this  fact  and  the  proximity  to  these  rocks  of  the  mica- 
schists  and  limestones  which  surround  or  are  enclosed  in  the 
massive  area,  the  writer  hopes  to  discuss,  in  connection  with 
some  chemical  analyses,  in  a  later  paper. 

At  present  only  a  petrographical  description  of  the  massive 
rocks  themselves  will  be  attempted.  For  this  purpose  the  pure 
types  will  be  treated  in  succession  and  about  each  will  be 
grouped  such  varietal  or  transitional  forms  as  are  produced  by 
the  various  admixtures  of  accessory  constituents.  Each  class 
will  be  designated  according  to  its  prevailing  non-feldspathic 
mineral  as  follows : 

Class  II,  hypersthene,  Norite. 

'*     HI,  augite,  Gabbro. 

"     IV,  hornblende,    Diorite. 

"      V,  bidtite,  Mica-Dioritb. 
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Non-Cheysolitic  Rocks. 

Class  n.     Norite,     (Esmark). 

The  application  of  the  microscope  and  accurate  optical 
methods  have  been  instrumental  in  showing  that  many  rocks 
formerly  supposed  to  contain  orthorhombic  pyroxene  are  in 
reality  devoid  of  this  mineral.  Many  of  the  so-called  "  hypers- 
tbenites"  of  the  older  petrographers  contain  only  a  glistening, 
bronzy  diallage  (the  ^^diallage  metaUoide^^  of  Hauy).  This 
peculiar  luster  is  found  to  be  in  no  way  connected  with  an 
orthorhombic  crystallization,  and  yet  the  microscopic  studies  of 
rocks  have  by  no  means  tended  to  show  that  hypersthene  is  a 
leas  widely  distributed  mineral  than  was  formerly  supposed.  On 
the  contrary,  orthorhombic  pyroxene  is  constantly  being  found 
to  be  a  more  and  more  important  rock  constituent.  Not  only 
is  it  discovered  to  have  an  unsuspectedly  wide  spread  occur- 
rence in  the  younger  volcanic  lavas,  but  in  the  more  basic  of 
the  older  granular  rocks  true  hypersthene  is  by  no  means  a  rare 
constituent  The  localities  for  hypersthene-gabbro  or  hyperite 
are  constantly  increasing,  wherever  the  older  rocks  are  being 
Btodied. 

Hypersthene  rocks  have  long  been  known  to  be  developed 
on  an  enormous  scale  in  the  Lauren tian  formation  of  Canada 
and  northern  New  York,  where  they  are  called  anorthosite  or* 
norite.  True  hypersthene  is  also  known  to  have  a  wide  distri- 
bution in  the  dark,  fine  grained  gabbros  of  Maryland,*  Del- 
aware f  and  Pennsylvania..  These  rocks  are  members  of  the 
Archaean  formation  and  resemble  traps,. although  they  are 
wholly  different  from  the  mesozoic  diabase  of  the  Atlantic 
border. 

The  occurrence  of  a  considerable  area  of  massive  rocks  in 
which  hypersthene  is  the  prevailing  bisilicate,  on  the  southern 
flank  of  the  Archaean  Hignlands  of  New  York,  is  very  interest- 
ing in  connection  with  the  distribution  of  this  mineral  in  the 
rocks  of  the  Appalachian  belt  to  the  north  and  south  of  it 

The  earliest  identification  of  hypersthene  in  the  Cortlandt 
rocks  is,  as  far  as  I  have  been  able  to  ascertain,  that  of  Hermann 
Credner   in  1865.:|:    These  rooks  are  described  by  Mather,  in 

*See  Bua  U.  8.  Geol.  Survey,  No.  28,  p.  18. 

fP.  D.  Chester:  Proc.  Acad.  Nat.  Sci.  Philadelphia,  Oct.  14,  1884.  Dr.  Geo. 
W.  Hawes  also  found  hypersthenegabbros  abundaut  in  the  White  Mts.,  N.  H. 

\  It  may  be  of  interest  to  quote  here  a  few  sentences  from  Credner's  description  of 
these  rocks,  given  in  an  article  entitled  ^'  Geognostische  Skizze  der  Urogegend  von 
New  York."  He  says :  "  Noch  einige  Meilen  (von  New  York)  nordlich  wird  der 
OoeisB  sehr  reich  an  Hornblende,  bis  diese  den  Glimmer  noch  und  noch  verdr&ngt, 
wodnrch  ein  ausgezeichneter  Homblendeschiefer  entsteht,  welcher  allmahlig  sein 
sdiierriges  Gefuge  verllert  und  zu  eioem  porphyrartigen  Syeuit  wird,  in  dessen 
weisBer  Grundmasse  grosse  bl&ttrige  Homblendeindividuen  ausgeschieden  lieg^n. 
Ton  dieeem  Qestein  soUen  wiederum  Uebergangsstufen  nach  dem  Hypersthe^els 
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his  report  on  the  geology  of  the  first  district  of  New  York,  as 
"syenite"  and  "hornblende  rock."*  The  next  notice  of  the 
occurrence  of  hypersthene  in  the  rocks  near  PeekskHl  was  given 
by  Prof.  Jas.  D.  Dana,  who  identified  and  described  it  in  con- 
nection with  his  studies  of  the  rocks  of  Westchester  County.f 
The  comparative  rarity  of  pure  rock  types  in  the  Cortlandt 
Series  above  alluded  to  render  various  subdivisions  under  the 
hypersthene  rocks  necessary.     I  shall  consider  in  succession : 

1.  Norite  proper. 

2.  Hornblende  Norite. 

3.  Mica  Norite. 

4.  Hyperite  or  Augite  Norite. 
6.  Pyroxenite. 

1.  Norite  proper. 

As  already  stated,  hypersthene  rocks  which  are  entirely 
devoid  of  mica,  hornblende  and  augite  are  extremely  rare 
within  the  Cortlandt  region.  Indeed  it  may  be  doubted  if  any 
specimen  of  the  absolutely  pure  norite  type  could  be  found ; 
and  yet  such  are  occasionally  met  with  as  contain  these  minerals 
in  very  small  quantities.  These  specimens  are  regarded  as 
representing  the  norite  proper. 

Two  thin-sections  in  Professor  Dana's  collection,  prepared 
from  specimens  collected  at  the  iron  mine  three-fourths  mileN. 
15**  W^  of  Cruger  s  station,  show  the  norite  type  in  greater  purity 
than  any  others  which  have  come  under  the  writer's  notice. 
They  are  almost  wholly  free  from  the  nonessential  minerals, 
only  occasional  plates  of  a  very  dark  biotite  being  observable. 
The  ground-mass  is  here  a  rather  coarse-grained  mosaic  of 
plagioclase.  The  hypersthene  is  present  in  well-defined  indi- 
viduals with  a  more  or  less  rounded  outline.  This  mineral  is 
freer  from  inclusions  and  has  a  much  lighter  color  than  is  usual 
in  the  Cortlandt  norites. 

nachzuweisen  sein,  welcher  das  hQgelige  aus  steilen  Ber^kuppen  bestehende 
Plateau  bildet,  das  sich  am  linken  Ufer  des  Hudson  in  dsilicher  Richtuog  von 
Peekskill,  einer  etwa  40  Miles  von  New  York  gelegenen  Siadt,  ausdehnt.  Ich 
war  verhindert  diese  Uebergango  genau  zu  verfolgen,  habe  aber  ein  teinkornig- 
syenitiscbes  Gestein  beobacbtet,  welches  grosse  Partieeu  von  griiner  Hornblende 
umfassie,  in  welcher  kupfer-glanzende,  scharf-begrenzte  Hypersthen-Individuen 
lagen.    Diese  Gesteinsart  scheint  die  Mitte  der  Uebergangstufen  zwischen  Hyper- 

sthenit  und  Syenit  einzunehmen Nordlich  von  Peekskill  geht  der  Hyper- 

■tbenfels  wieder  in  Syenit  iiber.  Das  zwischen  beiden  liegende  Gestein,  welches 
Hornblende  und  Hypersthen  zugleich  enthalt,  habe  icli  auch  hier  beobacbtet/' 
— Zeitschrift  der  deutschen  geologischen  Gesellschaft — £d.  zvii,  1865,  p.  390. 
The  gradual  transition  of  the  hypersthene  rock  into  syenite  and  liomblende-schist 
does  not  in  reality  appear  to  exist. 

*  Geology  of  New  York— Part  I,  Geology  of  the  First  District  by  Wm.  W. 
Mather,  1843,  p.  628. 

f  On  the  geological  relations  of  the  limestone  belts  of  Westchester  County,  New 
York.    This  Journal,  III,  xx,  p.  197,  Sept.  1880. 
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Slide  No.  118  of  the  Johns  Hopkins  University  collection,  is 
of  a  rock  from  the  same  locality  as  the  two  just  mentioned.  It  is 
essentially  the  same  as  the  preceding  but  contains  as  additional 
constituents  pleonaste  and  garnet.  The  relation  of  the  first  of 
these  minerals  to  the  norite  is  very  interesting  and  will  be  more 
fully  described  beyond.  The  garnet  here  forms  narrow  borders 
around  the  iron  minerals.  Here  again  the  hypersthene  and 
feldspar  are  unusually  light  colored  and  free  from  inclusions, 
a  fact  which  may  indicate  that  nearly  all  the  iron  present  in 
the  magma  crystallized  in  the  ores. 

No.  43,  from  Shawns  blacksmith  shop  near  the  railroad  cross- 
ing at  Centerville  on  the  road  to  Peekskill,  exhibits  a  very 
interesting  variety  of  the  typical  norite  containing  large  por- 
phyritic  crystals  of  orlkochse.  At  first  glance  this  rock  in 
the  hand-specimen  appears  like  a  medium  grained  aggregate  of 
reddish  brown  feldspar  and  glistening  bronzy  hypersthene,  but 
a  closer  examination  reveals  the  presence  of  long,  narrow  cleavoge 
surfaces  of  feldspar.  Some  of  these  measure  as  much  as  lOX 
g0Bim|  Yi^^  crystals  are  elonga'cd  in  the  direction  of  the  clino- 
diagonal  axis,  as  may  be  seen  from  the  direction  of  the  cleavages. 
The  highly  reflecting  surfaces  are  everywhere  sprinkled  with 
dull  spots  which  the  microscope  shows  to  be  inclusions  of  the 
other  constituents  in  grains  of  the  usual  size.  Here,  therefore, 
we  have  another  example  of  the  structure  which  the  writer  has 
distinguished  as  pcecilttic*  in  describing  the  hornblende  of  the 
Cortlandt  peridotites. 

A  careful  examination  of  this  feldspar  leaves  little  doubt  as  to 
its  being  a  true  orthoclase.  Its  specific  gravity,  determined  by 
the  Thoulet  solution  ami  a  Mohr's  balance,  is  2*615.  The  pow- 
der, whicii  was  completely  isolated  from  the  other  constituents, 
gave  a  strong  potassium  reaction.  A  series  of  measurements 
on  the  reflecting  goniometer  gave,  for  the  angle  between  the 
two  cleavage  planes,  values  varying  from  89°  35'  to  90°  44',  a 
slight  uncertainty  being  occasioned  by  the  somewhat  undulatory 
character  of  the  cleavage  surfaces.  Stauroscopic  determinations 
of  the  extinction  angles,  made  on  carefully  detached  cleavage 
pieces,  yielded  values  averaging  5i°  forooPoo  (010)  and  0°  for 
OP  (OOi). 

This  feldspar  also  differs  in  several  other  particulars  from 
the  small  reddish  brown  plagioclase  crystals  which,  as  usual, 
make  up  the  greater  part  of  the  Cortlandt  norite.  Twinning 
lamellsB  are  altogether  wanting  in  it,  and  its  color  is  white,  owing 
to  the  absence  of  the  reddish  dust  which  is  always  present  in 
the  plagioclase.  Its  appearance  in  the  hand-specimen  is  fresh 
and  glassy,  while  under  the  microscope  it  possesses  to  a  high 

♦This  Journal,  Jan.  1886,  p.  30.    The  word  is  here  changed  to  the  accepted  form. 
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degree  the  peculiar  "  shagreen  "  surface,  so  characteristic  of  cer- 
X.  tain  minerals  such  as  olivine  (fig.  1). 

—  This  appears  to  be  due  to  a  vast  num- 

ber of  very  minute  oval  indentations 
which  completely  cover  the  surface 
wherever  it  is  exposed. 

This  occurrence  of  orthoclase  in 
norite  is  very  interesting  and  is  quite 
in  accord  with  determinations  for- 
merly made  of  the  feldspars  in  these 
rocks  by  Prof.  Dana  and  the  late  Dr. 
G.  W.  Hawes.* 

The  plagioclase,  which  composes 
most  of  the  ground  mass  of  this  rock  and  also  occurs  occasion- 
ally as  inclusions  in  the  orthoclase,  is  shown  by  its  specific 
gravity  and  extinction  angles  to  be  Andesine.  The  former,  as 
determined  by  the  Thoulet  solution,  is  2*674.  The  extinction 
angles  are  4°-5^  on  OP  (001)  and  10°-12°  on  oo  P^  (010).  la 
the  groundmass  of  the  rock  these  plagioclase  individuals  are 
crowded  thickly  together  and  are  often  bent  or  broken.  In 
such  cases  they  show  most  beautifully  the  increase  in  the  num- 
ber of  twinning  lamellae  where  the  strain  has  been  greatest  (fig.  2.) 
2  Such  a  mechanical  origin  of  twin- 

ning lamellae  in  feldspar  has  been 
figured  and  described  by  van  Wer- 
veckef  and  Judd,|  but  it  would- 
be  difiicult  to  conceive  of  finer  ex- 
amples of  it  than  are  to  be  found  in 
this  rock.  In  the  groundmass  these 
plagioclase  crystals  are  well  devel- 
oped and  have  their  characteristic 
.  lath-shaped  form,  but  where  they 
are  imbedded  in  the  orthoclase  they 
show  exceedingly  irregular  shapes  as 
Section  No.  43.    Bent  and   though  they  had  been  partially  dis- 

broken    plagioclase  crystals    j,>^i„3  /fi«    i\ 
showing     secondary     twinning  1,,      \,  o*  ^r 

lameliflB.  On  the  left  and  near  Ifie  hypersthene  IS  generally  ar- 
the  center  hypersthene.  On  the  ranged  in  groups  of  three  or  more 
aUr'X^ocir°t?su7  c'-y.^tals.  The«.  are  intensely  colored 
Plagioclase  is  represented  be-  owmg  to  the  large  amount  of  iron 
tween  crossed  Nidois  in  order  to  which  they  contain  and  show  their 
bring  out  it«  twinning  structure,  characteristic  trichroism  (a  =  H  =  red ; 
*  =  b  =  yellow :  r  =  c  =  green)  very  vividly.  In  spite  of  their 
deep  color,  these  hypersthene  crystals  are  unusually  full  of  the 

♦This  Journal,  Sept.  1880,  p.  197. 

+  Neues  Jahrbuch  ffir  Mineralogie,  etc.,  1883,  ii,  p.  97. 

j  Quarterly  Journal  of  the  Geological  Society,  Aug.  1886,  p.  366. 
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red  inclusions  so  characteristic  of  this  species,  a  fact  which 
would  speak  against  their  having  been  secondarily  formed 
by  ^^  schillerization:'  which  Professor  Judd  states  is  attended 
by  a  bleaching  of  the  original  mineral  substance.  The  ex- 
tinction of  the  mineral  is  in  all  sections  parallel  to  the  crys- 
tallographic  axes.  In  sections  parallel  to  the  basal-  or  macro- 
pinacoias,  the  bisectrix  may  be  seen  to  siand  perpendicular 
to  the  face  and  the  optical  angle  to  be  smaller  in  the  latter  case 
than  in  the  former.  This  fact,  taken  in  connection  with  the 
deep  colors  exhibited  by  the  mineral,  ^s  sufficient  to  place  its 
nature  as  true  hypersthene  beyond  a  doubt 

The  only  other  constituents  observed  in  this  rock  are  biotite, 
irregularly  dispersed  in  small  quantities,  and  a  considerable 
amount  of  apatite  and  magnetite  or  ilmenite. 

All  the  feldspar  of  this  norite,  both  orthoclase  and  andesine, 
is  filled  with  inclusions  of  such  great  beauty  and  delicacy  that 
they  seem    to   merit    a    description,  3. 

especially  on  account  of  their  bearing 
upon  the  former  remarks  of  the  writer 
regarding  Professor  Judd's  theory  of 
Schillerization.*  These  inclusions, 
which  are  represented  in  fig.  3  as  i 
magnified  about  350  diameters,  con-  I 
sists  of  plates,  rods  and  minute  dots.    \ 

1.  The  plales. — The  color  of  these 
is  either  red,  grading  as  they  become 
thinner  into  shades  of  orange  and 
yellow ;  or  greenish  gray.     They  are 

sometimes  hexagonal,  sometimes  rectangular  and  sometimes 
irregular  in  shape.  Almost  always  they  are  finely  serrated  for 
a  portion  of  their  edge.  The  largest  measure  about  004  xOOl 
mm.  From  this  size  they  grade  down  to  the  minutest  dots, 
always,  however,  transparent,  homogeneous  and  very  sharply 
outlined.  These  plates  do  not  exercise  any  influence  upon 
polarized  light  This  is,  however,  on  account  of  their  extreme 
thinness  as  compared  with  the  mineral  in  which  they  are  im- 
bedded. These  plates  very  strongly  resemble  extremely  thin 
crystals  of  hematite  (micaceous  iron,  eisenglimmer)  and  the 
writer  is  inclined  to  regard  them  as  composed  of  this  substance. 

2.  Rods. — When  very  minute,  the  above  described  plates  are 
frequently  arranged  in  parallel  rows,  which  grade  insensibly, 
into  long,  hair-like  rods.  These  are  sometimes  discontinuous, 
a  mere  series  of  dots,  through  a  part  or  ihe  whole  of  their 
length;  sometimes  they  are  thickened  in  certain  places.  Often 
these  rods  may  be  seen  to  be  continuous  with  the  plates,  and,  like 
them,  they  are  always  transparent  with  a  brown  color  except 

*  This  Jouraal,  January,  1886,  p.  33. 

Digitized  by  LjOOQIC 


142  a.  H.  WUUama—NarUes  of  the''  CorOcmdt  Series.'' 

when  of  the  extremest  thinness.  These  rods  are  often  curved 
and  closely  resemble  the  trichites  seen  in  certain  volcanic  glasses* 
There  is  no  parallelism  whatever  in  the  arrangement  of  these  bodies^ 
a  fact  which  has  an  important  bearing  on  their  mode  of  origin. 

8.  TTie  dots. — ^These  are  extremely  minute,  opaque,  globulitic 
bodies,  which  may  be  regarded  either  as  very  small  plates  or  as 
the  elements  of  which  the  rods  are  composed.  They  vary  some- 
what in  size,  the  smallest  forming  the  fine  reddish-brown  dust, 
which  imparts  the  characteristic  color  to  the  andesine  and  which 
no  power  of  the  microscope  can  resolve.  These  dots  resemble 
the  globulites  in  certain  obsidians  in  the  same  way  in  which  the 
rods  resemble  trichitea 

The  mutual  arrangement  of  these  three  classes  of  inclusions 
throws  considerable  light  on  their  nature  and  origin.  As  above 
remarked,  there  seems  to  be  no  regularity  in  their  direction,  as 
would  be  required  by  the  "  solution  planes  "  of  Judd  ;  and  yet 
there  is  a  very  decided  regularity  in  their  arrangement  in  zones 
in  the  enclosing  crystal.  As  a  rule,  the  center  of  the  plagioclase 
individuals  is  occupied  by  an  indiscriminate  mass  of  rods  and 
plates,  which  is  surrounded  by  a  zone  filled  only  with  reddish 
dust.  Outside  of  this  there  is  almost  always  an  exterior  zone 
quite  free  from  inclusions  o[  any  kind.  This  arrangement  is 
essentially  the  same  as  that  recently  described  by  the  writer  in 
the  bytownite  of  the  Baltimore  gabbros.* 

The  dust-like  globulites  are  also  present  in  the  space  between 
the  rods  and  plates  near  the  center  of  the  crystal.  Then,  how- 
ever, there  is  always  a  perfectly  clear  space  around  each  larger 
inclusion  and  the  width  of  this  clear  zone  depends  upon  the  size  of 
the  inclusion  which  it  surrounds.  It  is  widest  aboat  certain 
occasional  octahedral  crystals  of  magnetite  (see  fig.  8).  The 
bearing  of  this  phenomenon  upon  the  mode  of  origin  of  the  in- 
clusions is  too  apparent  to  neea  further  elucidation. 

The  fact  that  the  arrangement  of  these  inclusions  is  altogether 
independent  of  the  numerous  bendings  and  cracks,  mentioned 
above  as  so  common  in  this  feldspar,  also  speaks  strongly 
against  their  secondary  origin. 

A  careful  and  prolonged  study  of  the  form,  size  and  arrange* 
ment  of  these  inclusions  has  convinced  the  writer  that  they  are 
original  and  represent  the  form  in  which  the  iron  first  separated 
from  the  magma.  This  was  probably  simultaneous  with  the 
crystallization  of  the  feldspar,  as  is  indicated  by  the  uniformity 
of  their  zonal  arrangement. 

Such  red  globulitic  dust  is  well  known  to  be  the  coloring 
matter  of  the  feldspar  in  many  of  the  quartz  porphyries.  The 
sunstone  of  Tvedestrand  owes  its  peculiar  luster  to  plates  of 

♦  Bulletin  of  the  IT.  S.  Geological  Survey,  No.  28,  p.  21,  1886. 
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hematite,  similar  to  those  foun^  in  the  well  known  perthite,  or 
even  in  some  crystals  of  carnallite. 

Although  such  inclusions  are  almost  always  present  in  the 
older  rocks  which  have  originated  at  great  depths,  they  are  by 
no  means  unknown  in  certain  minerals  of  volcanic  rocks  whicn 
have  oooled  at  the  earth's  surface.  Those  above  described  in 
the  plagioclase  of  the  Cortlandt  norit^  are  almost  identical  in 
both  form  and  disposition  with  the  ones  which  Prof.  Hermann 
Vogelsang  so  admirably  figured  in  1874  from  the  nosean  of 
Rieden.*  Mierisch  has  also  very  recently  described  and  figured 
similar  bodies  in  the  sodalite  and  apatite  found  in  druses  of  the 
limestone  blocks  ejected  from  Monte  Somma.f  X 

Although  the  norite  is  the  prevailing  type  of  massive  rock 
throughout  Cortlandt  township,  still  the  pure  aggregate  of 
plagioclase  and  hypersthene  is  comparatively  rare.  In'  almost 
every  case  either  biotite  or  hornblende  or  monoclinic  pyroxene 
is  present,  and  often  two  or  all  three  of  these  together  in  acces* 
sory  quantities,  forming  transitions  to  the  mica-diorite  and  gab- 
bro  which  are  common  modifications  of  the  same  continuous 
mass,  especially  around  its  periphery.  The  writer  has  there- 
fore designated  all  rocks  in  which  one-half  or  more  of  the  non- 
feldspathic  constituents  was  hypersthene  as  norite,  and  named 
varieties  of  this  after  the  prevailing  acceassory  component. 

*  Ueber  die  natiirlichen  UltramariDverbindungeD.     Bonn,  Taf.  L 

{Tscfaermak's  Mio.  UDd  Petrog.  Mitth.,  viii,  pp.  166  aud  183. 
The  writer  does  not  wish  to  imply  by  the  above  observations  any  direct  oppo- 
sition to  Professor  Judd^s  theory  of  schilierization.  Through  the  kindness  and 
liberality  of  this  gentleman  he  has  been  enabled  to  study  a  suite  of  sections  of  the 
Scottish  rocks  upon  which  this  theory  was  based,  and  can  express  himself  as  con- 
▼inoed  of  the  correctness  of  Prof.  Judd's  conclusions  as  far  as  these  rooks  are 
concerned.  The  idea  of  schilierization,  which  Prof.  Judd  has  so  admirably  devel- 
oped, is  to  be  welcomed  as  a  new  and  most  valuable  addition  to  what  microscopical 
petrography  has  accomplished.  It  is  doabtless  capable  of  a  wide  application  and 
will  serve  to  clear  away  many  difficulties.  The  writer  desires  only  to  call  atten- 
tion to  the  fact  that  it  is  unsafe  to  ascribe  aU  the  inclusions  occurring  in  the  old 
granular  rocks  to  the  effects  of  what  Professor  Jadd  calls  schilierization,  even 
when  these  apparently  resemble  such  as  have  been  undoubtedly  produced  in  this 
way.  How  often  is  it  observed  that  nature  employs  diverse  means  to  accomplish 
approximately  the  same  result  I  Two  investigators,  commencing  with  the  study 
of  effects  which  may  with  certainty  be  attributed  to  very  different  causes,  often 
succeed  in  tracing  these  by  insensible  transitions  to  a  common  ground,  where  the 
phenomena  observed  may  be  ascribed  with  almost  equal  right  to  the  one  cause  or 
tiie  other.  Here  two  opposing  views  may  be  defended  with  excellent  reasons, 
which  depend  largely  upon  the  direction  from  which  the  subject  was  approached. 
Both  may  be  right  and  yet  particular  cases  may  arise  where  it  is  impossible  to  de- 
cide between  them. 

Thus  it  would  appear  that  both  original  and  secondary  inclusions  may  occur  in 
the  constituents  of  the  granular,  deep-seated  rocks  and  that  the  similarity  between 
them  may  be  so  great  as  to  occasion  difficulty  in  referring  certain  cases  to  the  one 
class  or  the  other. 
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2.  Hornblende  Korite, 

No.  117,  from  the  same  iron  mine  north  of  Cruger's  Station 
as  118,  is  like  this  except  that  it  contains  an  abundance  of  com- 
pact, dark  green  hornblende.  This  is  present  in  good-sized  in- 
dividuals without  crystal  outline.  The  color  is  greenish-brown, 
with  a  trichroism:  H=light  yellow;  b=:dark  greenish  brown;  c 
nearly  like  b.  Absorption,  a<;b<^c.  Around  frequent  magne- 
tite inclusions  the  color  is  generally  bleached  out  to  a  clear,  light 
green. 

No.  119,  from  Montrose  station,  south  of  Peekskill,  is  quite 
like  the  foregoing  except  that  its  hornblende  is  in  larger  areas, 
often  enclosing  the  other  constituents.  Its  color  is  brown  and  in 
its  inclusions,  pleoi^hroism  and  general  character,  it  appears  to 
be  wholly  identical  with  the  hornblende  described  at  length  as 
occurring  in  the  Cortlandt  peridotites.  (See  this  Journal,  Jan., 
1886,  p  31. 

No.  125  was  collected  on  the  road  leading  S.E.  from  Peeks- 
kill,  directly  east  of  Blue  Mountain  and  just  about  in  the  mid- 
dle of  Cortlandt  Township.  In  the  hand  specimen  well  formed, 
glistening  black  hornblende  crystals  are  seen  to  be  thickly 
scattered  through  a  grayish  groundmass  of  feldspar  and  hyper- 
sthene.  These  hornblende  crystals  vary  in  size,  the  largest  be- 
ing 12-15  mm.  in  length.  Other  representatives  of  the  horn- 
blende norites  are  specimens  Nos.  50a  and  50i  from  the  "But- 
ler Section,'*  on  the  road  from  Montrose  Station  to  Montrose 
Point,  to  be  described  beyond.  The  amount  of  hornblende  is  so 
ffreat  in  these  rocks  that  they  might  perhaps  be  better  classed  as 
diorites,  and  yet  so  much  hypersthene  is  present  that  it  was 
thought  better  to  place  them  here.  They  are  very  fresh  and 
coarse-grained  aggregates.  The  hornblende  is  of  the  greenish 
kind  described  in  section  No.  117.  The  hypersthene  is  in  much 
smaller  individuals  imbedded  in  the  hornblende. 

All  of  these  rocks  contain  a  greater  or  less  quantity  of  biotite 
and  so  grade  into  the  next  variety. 

(To  be  concluded.) 


Art.  XVII. — A  method  for  subfecivig  living  Protoplasm  to  the 
action  of  different  liquids  ;  by  Geo  RGB  L.  Good  ALE. 

In  the  studies  of  Loew  and  Pokorny,  and  of  Pfeflfer,  on  the 
action  of  very  dilute  solutions  on  living  vegetable  protoplasm, 
the  objects  under  examination  were  generally  exposed  to  large 
quantities  of  the  solutions  and  thence  tran^erred  to  the  field 
of  the  microscope.  It  is  indispensable  in  such  investigations 
that  the  living  object  should  be  exposed  to  the  action  of  a  large 
quantity  of  the  liquid. 
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To  obviate  the  necessity  of  traosferring  the  specimen  from 
the  litre-flask  to  the  stage  of  the  microscope,  I  have  recently 
made  use  of  an  apparatus  by  which  all  handling  of  the  speci- 
men is  avoided,  and  yet  by  which  the  object  can  be  placed 
under  the  action  of  as  large  a  quantity  of  liquid  as  may  be 
desirable. 

Reduced  to  its  simplest  terms,  the  apparatus  consists  of  a 
small  number  of  ordinary  "chlorid  of  calcium  jars"  (i.  e.  tall 
slender  jars  provided  with  an  opening  near  the  base),  which 
are  connected  by  means  of  **  three  way  "  tubes,  with  a  common 
tube  of  small  size.  .  The  latter  tube  is  inserted  into  the  side  of 
a  microscopic-cell  of  simple  construction.  The  best  cells  for 
the  purpose  are  made  of  soft  rubber,  firmly  cemented  to  the 
slide,  and  provided  with  an  inflow  and  an  outflow.  The  object 
to  be  examined  is  held  without  injurious  pressure  on  the  under 
side  of  the  thin  glass  cover,  either  by  delicate  floats  of  glass,  or 
better,  by  threads  of  glass  fastened  by  \^ax.  As  soon  as  the 
object  has  been  put  in  place,  and  the  observer  is  convinced  that 
it  has  suflFered  no  injury  by  manipulation,  the  flow  of  liquid  is 
allowed  to  begin  by  slightly  opening  one  of  the  cocks  or  clamps 
connected  with  one  of  the  three-way  tubea  The  object  be- 
comes at  once  bathed  in  the  liquid,  and  may  be  subjected  to  its 
action  either  under  a  continuous  slow  or  rapid  flow,  or  to  the 
action  of  another  liquid  which  may  be  substituted  by  shutting 
oflF  one  and  turning  on  another  current.  In  my  repetition  or 
PfeflFer's  interesting  experiments,  I  was  enabled  in  this  manner 
to  wash  the  object  with  pure  water  after  every  exposure,  with- 
out removing  it  from  the  stage  of  the  microscope. 

It  should  be  further  said  that  the  same  apparatus  also  serves 
for  the  study  of  differential  staining  of  tissues  by  various 
coloring  matters. 

By  a  slight  modification,  it  may  be  applied  also  to  the  exam- 
ination of  the  effect  of  different  liq[uias  with  regard  to  their 
plasmolytic  power  (de  Vries's  experiments  in  Plasmolysis). 

The  application  of  this  apparatus  to  the  cultivation  of  organ- 
isms under  different  conditions  of  nutriment  and  the  like,  is 
obvious.  Fresh  solutions  in  any  amount  and  number  can  be 
brought  into  contact  with  the  submerged  parts  without  even 
momentary  exposure  of  the  parts  to  the  air. 

And  lastly,  oy  a  slight  modification  of  the  apparatus,  it  is 
possible  to  examine  without  disturbance  of  the  growing  plants 
the  character  of  the  acid  given  off  by  the  extremities  of  roots 
during  growth. 

By  due  attention  to  temperature  and  to  the  height  of  the 
column  of  liquid  in  the  jars,  all  the  necessary  physical  condi- 
tions for  studies  of  this  character  can  be  kept  well  under  con- 
trol. 
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Art.  XVIIL— On  the  Topaz  from  the  Thomas  Bhnge,  Utahf^ 
by  A.  N.  Alling. 

The  topaz  crystals  under  examination  were  selected  out  of  a 
considerable  number  in  the  cabinet  of  Professor  Brush,  from 
the  locality  in  Utah  in  the  Thomas  Bange, 
forty  miles  north  of  Sevier  Lake,  where  they 
occur  in  rhyolitcf  They  vary  from  3"*°*  to 
lOmm  jjj  length,  and  are  perfectly  clear  and 
colorless.  The  planes  for  the  most  part  are 
very  highly  pohshed,  though  vicinal  planes 
appear  in  a  number  of  cases  to  disturb  the 
accuracy  of  measurements.  The  habit  to 
which  most  of  the  crystals  conform  is  shown 
in  the  figure.     The  observed  planes  are : 

Pinacoids  0  (010,  i-\\  c  (001,  0);  prisms  m  (110,  /),  I  (120,  t-2) ;  macrodome  d 
(201,  2-i);  brachydomes  /(021,  2-1),  y  (041,  4-«);  pyramids  i  (223,  f),  u  (111,  1), 
0(221,  2),  6  (441,  4). 

The  following  angles,  each  representing  the  mean  of  a  num» 
ber  of  careful  measurements  with  a  Fuess  compound  goniome- 
ter, were  taken  as  fundamental : 

y^y"  041  .s  041  =  124^41' 45' 
ttAtt'  111  A  III  =    91'  12'    0*. 

From  these  angles  the  axial  ratio  was  calculated,  viz : 

«:  5:  c=  0  5286:  1:  0-4t'n6. 

It  is  interesting  to  note  that  these  values  approximate  very 
closely  to  those  obtained  by  von  Kokscharow,:|:  upon  the  Sibe- 
rian crystals  ;  he  gives  : 

a  :  S :  c  s=  0-52854  :  1  :  O^'ieQS. 

On  the  other  hand,  the  axial  ratios  for  crystals  from  Ehren- 
friedersdorf,  Altenberg,  Schneckenstein  and  Brazil,  vary  from 
both  more  or  less  widely  (compare  Grtinhut,  Zeitsch.  Kryst.,  ix, 
X13).  Some  of  the  calculated  and  measured  angles  on  the 
Utah  crystals,  in  addition  to  those  given  above,  are  as  follows : 


Calcolftted. 

Meunred. 

c^f 

001  A  021  =43'*  39' 

43"  39'. 

Ca.% 

001^223  =  34^*  15' 

34"  15'. 

CaO 

001  A  221  ^63"  58' 

63"  57'. 

c^c 

001  A  44 1  =  76°  14i' 

76"  12'. 

u^u''' 

111  A  111  =  39*' 0' 

39"  1'. 

0^0'" 

221  A  221  =r  49"  39' 

49"  39'. 

y^e 

041  A  441  =  59"  11' 

59"  9'. 

m  A  m'"  no  Alio  =  65"  43' 

55"  44'. 

*  Abstract  of  a  college  thesis  writteD  Jime,  1 886. 

{Compare  W.  Cross,  this  Journal,  xxxi,  437,  Juue,  1886. 
With  y.  Eokscharow  the  vertical  axis  has  double  the  length  taken  here. 
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Advantage  was  taken  of  a  natural  prism  to  measure  the  indices 
of  refraction  ^  and  ^.  Further,  the  optic  axial  anj^le  was  also 
obtained  from  a  cleavage  section.  The  values  obtained  are  as 
follows : 

/?  as  1*6104  for  yellow  (sodium)  r=  1-6075  for  red  (lithium). 
y  =  l-ei'ie      "  "        =  1-6148       »' 

2E  =  126*  24'  for  yellow. 
Also  2y  =    67*  18^  SDd  a  =  1  6072  calculated. 


Abt.  XIX. —  On  a  Simple  and  Convenient  form  of  Water  Battery  ; 
by  Henry  A.  Rowland. 

For  some  time  I  have  had  in  use  in  my  laboratory  a  most 
simple,  convenient  and  cheap  form  of  water  battery  whose 
design  has  been  in  one  of  my  note-books  for  at  least  fifteen 

J  rears.     It  has  proved  so  useful  that  I  give  below  a  description 
or  the  use  of  other  physicists. 

Strips  of  zinc  and  copper,  each  two  inches  wide,  are  soldered 
together  along  their  edges  so  as  to  make  a  combined  strip  of  a 
little  less  than  four  inches  wide,  allowing  for  the  overlapping. 
It  is  then  cut  by  shears  into  pieces  about  one-fourth  of  an  inch 
wide,  each  composed  of  half  zinc  and  half  copper. 

A  plate  of  glass,  very  thick  and  a  foot  or  less  square,  is 
heated  and  coated  with  shellac  about  an  eighth  of  an  inch  thick. 
The  strips  of  copper  and  zinc  are  bent  into  the  shape  of 
the  letter  U,  with  the  branches  about  one-fourth  of  an  inch 
apart,  and  are  heated  and  stuck  to  the  shellac  in  rows, 
the  soldered  portion  being  fixed  in  the  shellac,  and  the  two 
branches  standing  up  in  the  air,  so  that  the  zinc  of  one  piece 
comes  within  one-sixteenth  of  an  inch  of  the  copper  of  the  next 
one.  A  row  often  inches  long  will  thus  contain  about  thirty 
elements.  The  rows  can  be  about  one-eighth  of  an  inch  apart 
and  therefore  in  a  space  ten  inches  square  nearly  800  elements 
can  be  placed.  The  plate  is  then  warmed  carefully  so  as  not 
to  crack  and  a  mixture  of  beeswax  and  resin,  which  melts 
more  easily  than  shellac,  is  then  poured  on  the  plate  to  a  depth 
of  half  an  inch  to  hold  the  elements  in  place.  A  frame  of  wood 
is  made  around  the  back  of  the  plate  with  a  ring  screwed 
to  the  center  so  that  the  whole  can  be  hung  up  with  the  zinc 
and  copper  elements  below. 

When  required  for  use,  lower  so  as  to  dip  the  tips  of  the 
elements  into  a  pan  of  wa'^r  and  hang  up  again.  The  space 
between  the  elements  being  -j^  inch,  will  hold  a  drop  of  water 
which  will  not  evaporate  for  possibly  an  hour.  Thus  the 
battery  is  in  operation  in  a  minute  and  is  perfectly  insulated 
by  the  glass  and  cement. 

This  is  the  form  I  have  used,  but  the  strips  might  better  be 
soldered  face  to  face  along  one  edge,  cut  up  and  then  opened. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  PHYSica 

1 .  On  Isopycnic  curves, — Von  Wroblbwskt  proposes  to  rep- 
resent graphically  the  relations  between  the  liquid  and  the  gaseous 
states  of  matter  by  a  system  of  equal  density  curves,  which  he 
calls  isopycnic  lines.  Hitherto  these  relations  have  been  graphi- 
cally represented  by  curves  of  uniform  temperature  (isothermals) 
in  which  the  pressure  and  the  volume  are  the  variables.  In  the 
new  method  the  temperatures  are  laid  down  as  abscissas  and  the 
pressures  as  ordinates.  In  the  memoir  the  application  of  the 
method  is  shown  for  carbon  dioxide,  one  of  the  substances  for 
which  the  observed  data  are  the  most  complete.  An  inspection 
of  the  curve  shows  distinctly  that  our  knowledge  of  changes  of 
state  such  as  these  is,  especially  in  the  vicinity  of  the  liquefying 
point,  very  incomplete  and  in  part  incorrect.  Moreover  the 
author  concludes  that,  even  above  the  so-called  critical  tempera- 
ture, there  is  a  distinct  difference  between  the  liquid  and  the 
ffaseous  states,  although  this  difference  is  very  small. —  TTien. 
Monatah.  /.  Chem,^  vii,  383  ;  Ber.  Berl  Chem,  Ges.  xix,  728, 
(Be/.)  Nov.  1886.  g.  p.  b. 

2.  The  Vapor-pressure  of  HydraJted  Salts, — M^lbb  Ebzbach 
has  continued  his  researches  upon  the  constitution  of  hydrated 
salts  as  determined  from  the  pressure  exerted  by  the  vapor  of  the 
water  they  contain,  measured  at  ordinary  temperatures.  This  he 
experimentally  determines  from  the  losa  of  weight  which  two 
identical  tubes,  one  of  which  contains  the  hydrated  salt  in  ques- 
tion, the  other  water,  simultaneously  suffer,  when  placed  in  an 
atmosphere  dried  by  means  of  sulphuric  acid.  The  ratio  of  this 
loss  or  weight  in  the  two  cases  the  author  regards  as  rigorously 
equal  to  the  ratio  of  the  elastic  forces  of  the  water  vapor  in  the 
two  tubes.  Measured  in  this  way,  he  finds  that  the  evaporation 
from  hydrated  salts  in  completely  dry  air  gives  constant  dissocia- 
tion-pressures. The  present  paper  gives  the  results  obtained  with 
nitrates  and  hydrates.  Calcium  nitrate  for  example,  CaN,0,. 
(H,0)^  loses  its  water  under  a  dissociation-pressure  of  0*06  to 
0*07.  A  white  crystalline  mass,  left  after  evaporating  an  aqueous 
solution  of  the  nitrate  over  sulphuric  acid  in  rarefied  air,  con- 
tained only  three  molecules  of  water,  of  which  one  was  given  up 
at  a  pressure  of  O'lO  to  Oil,  while  the  two  others  were  evolved 
at  the  lower  pressure  of  0*04.     Hence  the  author  represents  the 

constitution  of  this  salt  as Sy-tT — ^~^^«     I^  *  fourth  mole- 

H,0 

cule  of  water  be  added,  about  one-half  of  this  water  is  evolved 
under  the  pretty  constant  pressure  of  0*27  to  0*36 ;  the  pressure 
then  falls  to  0*08  to  0*07,  and  before  this  water  is  entirely  given 
npi   the  pressure  reaches    0*04,    as    above.    Strontium  nitrate, 
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SrN,0^(H,0)^  gives  up  all  its  water  under  the  moderate  pressare 
of  0*61  at  12*4^;  and  nence  its  water  molecules  cannot  be  sepa- 
rated in  the  formula.  Zinc  mtrate  ZnN,0,.(H,0),  showjed  for 
two  of  the  water  molecules  a  pressure  of  0*18  at  16*1°,  which  fell 
rapidly  during  the  evaporation  of  the  third  molecule  to  0*025  and 

.1.       1.             .          M.1       TT          .      i.         ,    .    ZnN,0..(H,0)   . 
then  became  msensible.     Hence  its  formula  is HO  ' 

(H,0),.  By  heating  this  salt  to  100*,  Graham  found  that  three 
molecules  of  water  were  driven  off  and  the  residue  Zn  N,0^(H,0), 
left.  Barium  hydrate  BaH,0,.(H,0)g  loses  the  eighth  molecule 
of  water  under  the  relatively  high  pressure  of  0*88  to  0*92,  then 
five  molecules  at  the  pressure  of  0*18  to  0*22,  then  two  molecules 
at  0*10  to  0*12  and  retains  one  molecule;  so  that  the  formula  of 

composition  of  this  hydrate  is ij(\'^ — 1"(^«^)»'     Strontium 

hydrate  SrH,0,.(H,0),  loses  one  water  molecule  at  0*73  at  lY'G"* 
and  six  molecules  at  the  pressure  0*27  at  .18'5*,  while  the  last 
molecule  remains  with  the  hydrate.     Hence   this  salt  has   the 

formula— ^;^«^«-^+H,0.—JB^.JBer/.  Chem.  Oes.,  xix,  2874- 

2876,  November,  1886.  G.  f.  r 

3.  On  the  solidification  of  Hydrogen  fiuoride^  phosphide  and 
cmtimonide. — Hydrogen  fluoride,  according  to  Olszbwsky,  pre- 
pared by  heating  dry  hydro-potassium  fluoride  and  condensing 
the  product  in  a  platinum  receiver  cooled  by  ice  and  salt,  solidi- 
fies at — 102*6*  as  a  transparent  crystalline  mass  fusing  at  —92*3^ 
In  the  absence  of  w&ter  tne  liquid  does  not  attack  glass.  Hydro- 
gen phosphide  boils  in  the  vicinity  of— 86°  and  solidifies  as  a 
crystalline  semi-transparent  mass  at —133*6°,  beginning  to  fuse 
again  at —132*6°.  Hydrogen  antimonide,  evolved  by  the  action 
of  dilute  sulphuric  acid  upon  an  alloy  of  two  parts  antimony  and 
three  parts  of  zinc,  crystallizes  at  —  102*6°  as  a  snow-white  mass, 
fusing  at  —  91*6°  to  a  colorless  liquid,  which  even  at  the  low  tem- 
perature of  —66°  to  —66°  partiallydecora  poses  with  separation  of 
antimony.  It  boils  at  —18°. —  Wien.  3Ionatsb.f.  Chem.^  vii, 
871-374;  Ber.  Berl  Chem,  Ges.,  xix,  739  (i?e/.),  Nov.,  1866. 

G.  p.  a 

4.  On  the  Fluorescence  of  certain  Metallic  Oxides^  whe7i  exposed 
to  an  Electric  discharge  in  a  high  vacuum, — Lecoq  de  Boisbau- 
DRAN  has  examined  several  of  the  metallic  oxides  by  the  method 
of  Crookes,  with  a  view  to  determine  the  character  and  intensity 
of  their  fluorescence  under  these  conditions,  either  alone  or  mixed 
with  other  substances.  Of  these  oxides  that  of  manganese  is 
remarkable  for  the  variety  of  the  colors  it  gives,  and  for  the 
characteristic  band  in  its  fluorescent  spectrum.  Neither  manga- 
Dese  sulphate  nor  manganese  peroxide  perceptibly  fluoresces  after 
calcination,  when  alone.     But  mixed  with  calcined  calcium  sul- 
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phate  (wbicb  alone  gives  only  a  weak  continuous  spectrum)  even 
m  the  proportion  of  only  one  per  cent,  the  mixture  fluoresces 
with  a  magnificent  green  color,  reaching  its  maximum  brilliancy 
when  five  per  cent  of  the  oxide  is  present  Calcium  carbonate, 
which  does  not  fluoresce  when  not  previously  heated,  and  which 
fluoresces  violet-blue  after  calcination,  gives,  on  adding  a  trace  of 
manganese,  a  magnificent  orange-yellow  color.  Magnesium  sul- 
phate alone,  afler  heating  to  redness,  fluoresces  feebly  greenish- 
white;  but  a  trace  of  manganese  causes  it  to  fluoresce  of  a  superb 
red  color.  Zinc  sulphate,  calcined,  fluoresces  feebly  pale  rose 
color;  but  with  manganese,  it  gives  a  splendid  orange-red  color. 
Cadmium  sulphate,  which  alone  gives  a  feeble  greenish-yellow, 
gives  with  manganese  a  brilliant  gi-eenish-yellow  color.  Stron- 
tium sulphate,  however,  which  fluoresces  of  a  pale  lilac  color 
alone,  has  its  color  or  intensity  scarcely  changed  by  the  addition 
of  manganese.  Lead  sulphate  when  alone  gives  a  violet-blue 
feebly,  which  is  changed  by  manganese  to  a  beautiful  yellow. 
Glucinum  sulphate  has  the  color  of  its  fluorescence  changed  from 

freen  to  yellowish-green.     In  all  these  cases  the  spectrum  is  a 
road  band  reaching  from  wave-length  672-619  to  480-456,  hav- 
ing a  maximum  at  600  to  550. 

Bismuth  sulphate,  which  alone  does  not  fluoresce  after  calcina- 
tion, gives  to  calcium  sulphate,  even  in  very  small  proportion,  the 
properly  of  emitting  a  beautiful  red-orange  fluorescence.  To 
strontium  sulphate  it  gives  a  still  more  brilliant  fluorescence,  of  a 
tint  somewhat  less  red.  To  barium  sulphate,  which  alone  does 
not  fluoresce,  a  trace  of  bismuth  oxide  gives  a  fine  orange-red 
fluorescence.  To  magnesium  sulphate,  bismuth  oxide  gives  a  red 
fluorescence,  still  less  orange.  No  result  was  obtained  with  zinc, 
with  cadmipra  or  with  lead  sulphate.  The  spectrum  bands  extend 
over  a  considerable  range  in  the  spectrum  and  are  characteristic. 
Purified  yttrium  sulphate,  which  alone  gives  only  traces  of  the 
yellow  band  Za  yields,  when  containing  two  per  cent  manganous 
sulphate,  a  fine  yellow-green  fluorescence  whose  spectrum  consisis 
of  a  wide  band  beginning  nebulously  at  wave-length  650,  reaching 
a  maximum  at  about  564,  having  an  appreciable  intensity  at  609- 
604,  and  ending  vaguely  at  489-484.  A  similar  mixture  with 
bismuth  sulphate  gives  a  beautiful  red  fluorescence,  resolved  by 
the  spectroscope  into  a  band  beginning  nebulously  at  684,  reach- 
ing a  maximum  at  642-640  and  ending  vaguely  at  679-577.  On 
treating  calcium  sulphate  with  manganous  and  with  bismuth  sul- 
phates, with  both  of  which  it  is  active,  the  fluorescence  was 
yellow  at  the  center  and  pale  green  farther  from  the  electrodes. 
The  red-orange  band  was  brighter  than  the  green ;  but  on  heating 
the  tube  it  almost  di8aj)peared.  When  cadmium  sulphate  was 
mixed  with  manganous  and  with  bismuth  sulphates,  with  the 
former  of  which  only  it  fluoresces,  the  yellow-green  light  gave  a 
spectrum  somewhat  more  extended  and  less  brilliant  than  that 
produced  by  manganese  alone.  When  both  zinc  and  calcium 
sulphates  were  mixed  with  manganous  sulphate,  in  various  pro- 
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portions,  tbe  green  fluorescence  of  the  calcium  salt  predominated 
when  tbe  weights  of  the  two  sulphates  (zinc  and  calcium)  were 
equal;  while  with  equivalent  weights  the  red  of  the  zinc  salt  was 
slightly  the  stronger.  This  result  increased  with  the  proportion 
of  the  zinc  sulphate  until  it  became  98  per  cent,  the  fluorescence 
being  orange-red.  On  interrupting  the  current,  the  orange  fluort^s- 
cence  quickly  disappears,  while  the  green  of  the  calcium  sulphate 
remains  for  a  considerable  titne. 

The  author  has  also  ascertained  that  calcined  alumina  does  not 
give  a  trace  of  fluorescence  when  submitted  to  tbe  electric  dis- 
charge in  vacuo.  The  characteristic  fluorescence  of  this  substance 
as  described  by  Becquerel,  who  has  figured  its  spectrum,  is  most 
brilliant  when  the  alumina  contains  one  per  cent  or  even  one-tenth 
of  one  per  cent  of  chromic  oxide.  A  very  perceptible  rose  color 
is  given  by  one  hundred  thousandth  of  chmmic  oxide.  One  per 
cent  of  manganous  oxide  yields  a  beautiful  green,  and  the  same 
quantity  of  bismuth  oxide  a  lilac  when  cold  and  a  blue  on  heating. 
Magnesia  with  one  per  cent  of  chromic  oxide  gives  a  fine  red 
color ;  while  lime  does  not  appear  to  be  affected  by  this  oxide. 
The  red  fluorescence  of  alumina  seems  then  to  depend  upon  the 
presence  of  chromium ;  the  analogy  being  complete  between  its 
action  and  that  of  manganese,  bismuth,  Za,  Zy^  and  samariuiA. — 
(7.  i2.,  ciii,  468-471  (Sept.);  629-631  (Oct.);  1064-1.067  (Nov.) ; 
1107  (Dec),  1886.  G.  y.  b. 

5.  On  the  Refractive  index  of  Carbon  dioxide  and  of  Cyano- 
gen.— Chappijis  and  RrvidBB  have  deduced  from  their  researches 
upon  carbon  dioxide  at  21*  and  under  pressures  up  to  19  atmos- 
pneres,  and  upon  cyanogen  at  temperatures  from  0**  to  35**  and 
pressures  from  1  to  3  meters  of  mercury,  formulas  for  oaloulatine 
their  refractive  indices.  They  find  for  carbon  dioxide  at  0^  and 
0-76  meter,  the  value  1*000448,  and  for  cyanogen  under  the  same 
conditions  1-000826. —  (7.  R.y  ciii,  37-39,  July,  1886.         g.  p.  b. 

6.  The  Spectrum  of  Germanium.  —  This  spectrum  has  been 
mapped  by  H.  Gustaf  Kobb.  It  was  formed  oy  passing  sparks 
from  a  large  induction  coil  from  an  electrode  of  germanium  to  one 
of  platinum.  The  lines  of  the  latter  could  be  readily  identified 
and  separated.  The  germanium  lines  are  given  in  the  following 
table : 


X 

Observations. 

> 

6336 

5131 

Broadly  diffused. 

6020 

Very  strong. 

4813 

ii             t( 

6892 

ti 

4742 

tt                      ;( 

5265-6 

4684-5 

Sharp,  weak. 

5228-5 

# 

4291 

Diffused  weak. 

5209 

4260-5 

•1           t( 

5177-6 

Broadly  diffuse^ 

4225-5 

5134 

4178 

t(           (1 

Ami.  der  Phyaik  und  ChemiP,^  No.  12,  1886,  p.  670.  j.  t. 

7.  A  veto  Quicksilver  Jhimp. — ^The  three  different  systems  of 
quicksilver  pumps — the  Gcissler,  the  Tdpler  and  the  Sprengel — 
have  their  peculiar  advantages  and  disaa vantages.     The  Geissler 
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requires  a  large  number  of  cocks ;  the  Tdpler  is  very  fragile  on 
account  of  the  convolutions  of  its  parts;  and  the  Sprengel  is 
suited  only  to  certain  kinds  of  work.  Messrs.  Greiner  and  Fried- 
richs  describe  a  new  pump  which  has  a  wide  range  of  usefulness, 
wrth  the  possibility  of  obtaining  a  good  vacuum.  The  chief 
peculiarity  of  the  pump  resides  in  a  three-way  cock,  which  is  fully 
described  in  the  author's  paper.  The  use  of  but  one  cock  gives 
the  pump  a  great  practical  advantage. — Ann.  der  Phyaik  und 
Chemie,  No.  i2,  1886,  p.  672.  j.  t. 

8.  Relation  of  the  ^Jlectrostatic  and  Electronmgnetic  Units. — 
The  earlier  determinations  of  this  ratio  by  different  investigators 
differ  by  as  much  as  four  per  cent,  and  the  later  determinations  of 
Exner  (t;=29,20.10"),  Klemencic  (v=:30,18.10*)  and  J.  J.  Thom- 
son (v=:29,63.10*),  leave  much  to  be  desired.  H.  Hinstedt  has 
made  a  new  determination,  and  obtains  the  result  n^  30,07.10*. 
The  method  employed  by  Hinstedt  required  only  the  determin- 
ation of  the  capacity  of  a  condenser,  Q,  and  a  resistance,  W, 
together  with  a  ratio  of  resistances.  The  observations  were 
independent  of  the  electromotive  force  of  the  battery  employed. — 
Ann,  der  Fhysik  und  Chemie,  No.  12,  1886,  pp.  660-679.     j.  t. 

II.  Geology  and  Mineraxogy. 

1.  ^otes  on  the  Geology  of  Northern  California ;  by  J.  S. 
DiLLBR.  (Abstract  of  paper,  from  the  Proceedings  of  the  Phil. 
Soc.  of  Washington,  Jan.  16,  1886.) — Under  the  direction  of 
Captain  Dutton  I  have  spent  the  last  three  summers  studying  the 
geology  of  northern  California  and  the  adjacent  portion  of  Ore- 
gon. The  conclusions  of  a  general  nature  referring  to  that  region 
may  be  briefly  summarized  as  follows  : 

In  the  northern  end  of  th^  Sierra  Nevada  and  the  central  por- 
tion of  the  Coast  range,  among  the  highly  plicated,  more  or  less 
metamorphosed  strata  which  are  older  than  those  of  the  Chico 
group,  there  appears  to  be  but  one  horizon  of  limestone,  and  that 
IS  of  Carboniferous  age. 

The  northern  end  of  the  Sierra  Nevada  is  made  up  of  three 
tilted  orographic  blocks  which  are  separated  from  each  other  by 
great  faults.  The  westernmost  of  these  blocks,  stretching  far  to 
the  southeast,  appears  to  form  the  greater  portion  of  the  range. 
As  in  the  Great  Basin  region,  the  depressed  side  of  each  block 
was  occupied  by  a  body  of  water  of  considerable  size.  The  de- 
posits formed  in  these  lakes  gave  rise  to  the  fertile  soils  of  Ameri- 
can and  Indian  valleys. 

The  plication  of  the  strata  in  the  Sierra  Nevada  range  took 
place,  at  least  in  great  part,  about  the  close  of  the  Jurassic  or  be- 
ginning of  the  Cretaceous  period ;  but  the  faulting  which  really 
gave  birth  to  the  Sierra  as  a  separate  and  distinct  range  by  differ- 
entiating it  from  the  great  platform  stretching  eastward  into  the 
Great  Basin  region,  did  not  take  place  until  toward  the  close  of 
the  Tertiary  or  the  beginning  of  the  Quaternary.    Although  the 
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faulting  may  have  commenced  earlier,  the  greater  portion  of  the 
displacement  has  taken  place  since  the  deposition  of  a  large  part 
of  the  auriferous  gravels  and  the  beginning  of  the  great  volcanic 
outbursts  in  the  vicinity  of  Lassen's  Peak.  If  we  may  accept 
numerous  small  earthquake  shocks  as  evidence,  the  faulting  still 
continues.  The  distribution  of  the  rocks  of  the  Chico  group 
indicates  that  the  western  coast  of  the  continent  at  that  time  lay 
along  the  western  base  of  the  Sierra,  extending  around  the  north- 
ern end  of  the  range  in  the  vicinity  of  Lassen's  Peak  and  stretch- 
ing far  northeasterly  into  Oregon.  Off  the  coast  lay  a  large 
island  which  now  forms  northwestern  California  and  the  adjacent 
portion  of  Oregon.  This  island  extended  as  far  southeast  as  the 
Pit  river  region  where  it  was  separated  from  the  main  land  by  a 
wide  strait.  All  of  the  ridges  developed  out  of  the  Cretacean 
island  belong  to  the  Coast  range. 

The  volcanic  ridge  of  Lassen's  Peak  lies  between  the  northern 
end  of  the  Sierra  Nevada  and  the  Coast  range.  The  great  vol- 
canic field  of  Oregon  and  Washington  Territory,  to  which 
Lassen's  Peak  and  the  Cascade  range  belong,  appears  in  a  gen- 
eral way  to  be  outlined  by  the  depression  between  the  Cretacean 
island  and  the  main  land.  A  general  account  of  the  facts  from 
which  these  conclusions  are  drawn  will  appear  in  Bulletin  of  the 
U.  S.  Geological  Survey  No.  33. 

2.  The  Taconic  System, — In  a  paper  read  before  the  Philo- 
sophical Society  of  Washington,  January  15th,  1887,  entitled 
"  Geologic  Age  of  the  Lowest  Formations  of  Emmons's  Taconic 
System,"  Mr.  Chas.  D.  Walcott  considered  :  1st.  That  he  had 
found  the  fauna  of  the  lowest  formation  of  the  original  Taconic 

gbe  Granular  Quartz)  to  belong  to  the  Middle  Cambrian  or 
eorgia  fauna.  2d.  That  the  fauna  of  the  typical "  Upper"  Taconic 
rocks  in  Washington  County,  N.  Y.,  is  a  part  of  the  same  fauna. 
3d.  That  the  granular  quaitz  and  the  Upper  Taconic  are  the 
same  geologic  formation ;  the  quartz  rock  being  the  shore  deposit, 
and  the  shales,  sandstones  and  limestones  of  the  Upper  Taconic 
being  the  synchronous  deposit  off  shore,  in  deeper  water.  4th, 
The  hydromica  shales  beneath  the  limestone  on  the  west  side  of 
the  Taconic  range  are  the  equivalent  of  the  Potsdam  sandstone ; 
the  lower  part  of  the  limestone,  or,  in  places,  the  hydromica 
shales  between  the  quartz  rock  and  limestone  representing  the 
Potsdam  on  the  east  side.  5th.  Professor  Dana  was  correct  in 
considering  the  Stockbridge  and  sparry  limestones  and  the  over- 
lying hydromica  schists  as  of  Lower  Silurian  (Ordovioian)  age ; 
the  latter  representing  the  Hudson  River  formation.  6th.  Of  the 
strata  referred  to  the  Taconic  system  in  the  Taconic  region,  the 
granular  quartz  and  the  Upper  Taconic  still  remain  in  it  as  pre- 
Potsdam  formations,  and  the  Stockbridge  and  sparry  limestones 
and  the  superior  hydromica  schists  are  referred  to  the  Lower 
Silurian  (Ordovician)  system. 

Reference  was  made  to  the  bearing  of  these  generalizations  on 
the  use  of  the  names  Taconic  and  Cambrian ;  the  former  being 
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applicable  to  American  strata  carrying  the  first  or  primordial 
fanna  nnless  Cambrian  has  a  clear  prionty  of  nsage. 

Maps  were  exhibited  to  show  the  distribution  of  the  formations 
under  discnssion  in  Vermont,  Massachusetts  and  New  York;  and 
a  section,  crossing  Washington  County,  N.  Y.^  and  into  southern 
Vermont,  gave  the  position  of  the  formations  in  relation  to  each 
other.  A  nypothetical  section,  showing  the  formations  as  origi- 
nally deposited,  aided  materially  in  the  elucidation  of  the  subject. 

Specimens  Hyolithes  and  Olenellus  were  shown  from  the 
"  granular  quartz  "  and  the  interbedded  limestones  of  the  Tipper 
Taconic.  c.  d.  w. 

3.  Remarks  on  the  Revision  of  the  Paloeocrinoidea  of  Wachs- 
muth  and  Springer;  by  C.  A.  White. — It  has  rarely  happened 
that  a  more  important  paleontological  work  than  this  has  been 
published ;  and  it  is  still  more  rare  that  a  difficult  subject  has 
been  more  philosophically  treated.  The  work  has  been  published 
in  parts  by  the  Philadelphia  Academy  of  Natural  Science,  ending 
with  the  second  section  of  Part  III.  Part  I,  embracing  the 
families  Ichthyocrinidse  and  Cyathocrinidae,  was  published  in 
ISVO.  Part  11,  containing  the  Platycrinidae,  Actinocrinidse  and 
Rhodocrinidae  appeared  in  1881.  Part  III,  of  which  the  second 
and  concluding  section  has  just  been  issued,  gives  the  conclusion 
of  the  family  and  generic  descriptions,  a  general  review  in  which 
are  suggested  some  modifications  of  the  work  of  preceding  partA, 
and  an  extended  discnssion  of  the  classification  and  relations  of 
the  Brachiate  Crinoids. 

The  authors  have  evidently  aimed  to  bring  into  systematic 
order  all  existing  knowledge  of  the  paleozoic  crinoids;  and  their 
work  is  therefore  systematic  rather  than  descriptive.  The  few 
new  species  which  they  have  described  are  presented  as  illustra- 
tive of  the  general  questions  which  they  discuss. 

They  have  from  the  beginning  recognized  the  fact  that  the  only 
way  to  arrive  at  a  correct  understanding  of  the  fossil  crinoids 
is  by  a  comparative  study  of  their  living  representatives.  There- 
fore, the  discussion  of  the  morphological  relations  of  the  ancient 
and  recent  crinoids  forms  a  conspicuous  feature  of  their  work. 
This  method  of  treatment  of  the  subject  presents  important 
zoological  as  well  as  paleontological  results. 

Even  in  the  earlier  part  of  the  work  these  authors  recognized 
two  comprehensive  types  among  crinoids,  for  which  they  estab- 
lished the  orders  Palaeoorinoidea  and  Stomatocrinoidea ;  but  for 
the  latter  they  afterwards  adopted  the  name  Neocrinoidea,  as 
subsequently  proposed  by  Dr.  P.  H.  Carpenter.  The  principal 
distinction  between  the  two  orders  is  found  in  the  condition  of 
the  mouth  and  food  grooves.  In  the  Palseocrinoidea,  these 
organs  are  more  or  less  subtegminal,  the  food  grooves  along  the 
disc  taking  the  form  of  tubular  passages,  hidden  beneath  a 
vault ;  while  in  the  Neocrinoidea  the  mouth  and  food  grooves 
are  open  and  exposed  to  view. 

In   their  broader  generalizations  they  recognize   the  stalked 
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echinoderms  as  constituting  a  class,  for  which  they  adopt  Leack- 
art'rt  appropriate  name,  Pelmatozoa,  thus  distinguishing  them 
from  Opniurans,  star-fishes  and  sea-urchins,  which  are  charactei^ 
ized  by  locomotion  and  the  downward  position  of  the  mouth. 
The  Pelmatozoa  are  divided  into  two  well-marked  sub-classes, 
namely,  the  Crinoidea  of  Miller,  embracing  all  brachiate  crinoids, 
with  the  orders  Neocrinoidea  and  Palfeocrinoidea ;  and  the 
Anthodiata,  or  armless  forms,  including  the  orders  Blastoidea 
and  Cystidea. 

Three  sub-orders  are  proposed,  to  include  all  the  known  forms 
of  the  PaleBocrinoidea.  (I)  The  Camarata,  which  are  the  typical 
Paljeocrinoids,  having  the  plates  of  the  test  solidly  united  by 
suture  and  having  the  lower  armplates  incorporated  into  the 
calyx  by  means  of  intenadial  plates.  Actinocrinus  is  a  typical 
form  of  this  sub-order.  (2)  The  Articulata,  which  are  character- 
ized by  an  articulate  structure  of  the  calcareous  skeleton,  which 
renders  it  more  or  less  pliable,  as  in  Ichthyocrinus.  (3)  The 
Inadunata,  which  have  the  arms  free  from  the  first  radials  up- 
ward, as  in  Cyathocrinus.  These  three  groups  are  found  to  be 
also  respectively  characterized  by  differences  in  the  construction 
of  the  summit,  which  the  authors  consider  to  be  subordinate  to 
and  consequent  upon  the  fundamental  modifications  in  the  plan 
of  structure  above  mentioned. 
«»  The  authors  subdivide  the  Inadunata  into  two  groups,  namely, 
the  Larvifoi-mia  and  the  Fistulata.  The  former  group  includes 
such  embryonic,*  or  permanent  larval,  forms  as  Haplocrinus  and 
Symbathocrinus.  The  latter  group  embraces  forms  which  have 
the  ventral  portions  of  the  body  expanded  or  elevated  into  a 
porous  ventral  sac,  of  variable  size,  of  which  Ccelioorinus  pre- 
sents an  extreme  example. 

The  several  groups  are  separated  into  many  families,  some  of 
which  are  sharply  defined,  while  others  shade  into  each  dther  by 
perplexing  transitional  forms.  The  generic  relations  of  the 
Palaeocrinoidea  are  minutely  discussed,  and  a  detailed  diagnosis 
of  each  genus  is  given,  which  is  followed  by  a  list  of  all  the 
species  which  the  authors  consider  to  be  properly  referable  to 
the  genus.  The  synonymy  and  references  to  the  literature  of 
each  species  is  also  given  in  full.  At  the  end  of  the  work  is  a 
complete  catalogue  of  species,  which  serves  both  for  an  index 
and  a  synonymic  list.  This  very  valuable  feature  of  works  of 
this  kind  is  too  often  entirely  neglected  by  authors. 

The  morphological  discussions  in  Part  III  deal  with  interesting 
questions  in  relation  to  homologies  between  different  parts  of  the 
widely  divergent  types  of  recent  and  fossil  crinoids.  In  the 
early  larva  of  the  living  crinoids  the  abactinal  side,  so  far  as  at 
present  known,  consists  of  only  five  basals,  forming  a  cup.  The 
actinal  side  consists  of  a  closed  pyramid  of  five  plates;  the 
latter  covering  the  mouth.  Subsequently  the  radials,  and  after- 
ward the  arms,  appear.  The  appearance  of  the  basals  and  orals 
at  the  same  time,  the  one  occupying  the  oral  and  the  other  the 
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aboral  side,  led  Professor  Goette  and  Mr.  Wachsmuth  independ- 
ently to  the  conclusion  that  there  exists  a  morphological  resem- 
blance between  them.  This  view  has  since  been  accepted  by 
Dr.  Carpenter,  and  he,  as  well  as  Wachsmuth  and  Springer,  base 
thereon  the  different  views  which  they  respectively  entertain  con- 
cerning the  summit  plates  of  the  Palaeocrinoidea. 

The  orals  in  most  of  the  recent  crinoids  are  confined  to  their 
larval  state,  but  whether  they  are  persistent  through  life,  or  are 
resorbed  in  the  adult,  the  mouth  and  food  grooves  become  ex- 
posed to  view  before  the  animal  reaches  maturity.  In  the  Palse- 
ocriiioidea  these  organs  are  permanently  closed  by  serjes  of  plates 
which  collectively  occupy  the  place  of  the  orals  in  the  Neocrinoid 
larva.  The  authors  of  the  revision  agree  with  Dr.  Carpenter 
upon  this  point ;  but  they  differ  from  him  as  to  which  of  the 
various  summit  plates  in  the  Palaeocrinoidea  individually  repre- 
sent the  orals. 

The  authors  have  ascertained  that  the  summit  and  other  vault 
plates,  which  were  generally  ignored  by  the  earlier  writers,  have 
a  high  classificatory  value.  They  find  them  to  be  arranged  upon 
a  well-defined  general  plan  which,  to  a  considerable  extent, 
should  be  regarded  as  a  counterpart  of  that  which  is  shown  by 
the  plates  of  the  calyx.  The  plan  consists  of  a  central  piece, 
which  occupies  the  oral  pole  and  covers  the  mouth,  six  proximal^ 
plates  surrounding  this  central  one,  but  they  are  not  always  in 
contact  with  it,  and  frequently  radial  dome  plates,  corresponding 
with  the  calyx  radials.  The  authors  conclude  that  the  central 
piece  of  the  dome,  which  they  think  primitively  consisted  of  five 
pieces,  is  the  homologue  of  the  basals,  and  that  it  represents 
morphologically  the  closed  pyramid  of  five  oral  plates  in  the 
Neocrinoid  larva,  the  proximals  representing  the  calyx  interra- 
dials.  Contrary  to  this  Dr.  Carpenter  believes  that  the  orals  are 
represented  by  the  six  proximals  surrounding  the  central  piece, 
the  two  smaller  posterior  ones  being  regarded  by  him  as  one 
plate  divided  by  anal  structures.  This  view  was  formerly  held 
by  Wachsmuth  and  Springer,  but  they  have  since  abandoned  it. 
Dr.  Carpenter  regards  the  central  piece  as  representing  the 
dorso-central  or  terminal  plate  of  the  column.  Both  parties 
support  their  opinion  by  extended  arguments  based  on  the  latest 
researches  upon  both  recent  and  fossil  crinoids,  with  an  earnest- 
ness which  shows  their  full  conviction  of  the  Correctness  of  their 
respective  opinions. 

An  important  discovery  is  announced  as  to  the  relations  of  the 
parts  on  the  dorsal  side  of  the  paleozoic  crinoids  which  seems  to 
be  of  much  importance  in  their  practical  study  ;  and  a  statement 
of  it  will  serve  to  illustrate  the  minute  care  with  which  these 
authors  have  prosecuted  their  work.  They  consider  the  first  ring 
of  plates  below  the  radials  as  the  true  basals  in  all  cases.  In 
those  crinoids  which  have  a  dicyelic  base  the  lower  ring  of  plates 
are  called  the  underbasals.  These  are  often  very  minute,  con- 
cealed within  the  basal  concavity,  or  hidden  from  external  view 
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by  the  column,  so  as  to  be  difficult,  and  in  many  cases  impossi- 
ble, to  distingaisb. 

By  cutting,  grinding  and  breaking  many  specimens,  Wachs- 
muth  and  Springer  have  discovered  that  there  is  a  regular  alter- 
nation in  the  arrangement  of  the  successive  parts  below  the 
radials.  The  basals  are  interradial  in  position  and  all  under- 
basals  are  radial.  The  exterior  angles  of  the  column,  if  it  be 
angular,  alternate  with  the  ring  of  plates  next  above  it;  and  if 
Ibe  central  canal  in  the  column  be  angular,  its  angles  alternate 
with  those  of  the  column.  So,  if  in  relation  to  the  calyx  plates 
above,  the  exterior  angles  of  the  column  are  found  to  be  radial  in 
position,  the  ring  of  plates  next .  above,  being  alternately  ai*- 
ranged,  will  be  basals,  and  consequently  underbasals  are  wanting. 
If,  on  the  contrary,  those  angles  are  interradial,  the  next  plates 
in  succession  above  will  be  radial,  and  hence  underbasals.  If 
the  column  be  round,  and  the  axial  canal  angular,  the  angles  of 
the  latter  may  be  consulted ;  if  radial,  underbasals  are  present ; 
if  interradial,  they  arc  absent.  Similar  results  are  given  by  the 
cyrri  when  they  exist ;  and  by  the  segments  of  the  column,  when 
divided  longitudinally,  as  sometimes  happens. 

It  thus  becomes  possible  to  distinguish  between  underbasals 
and  the  top  segment  of  the  column,  which  has  hitherto  been 
often  attended  with  difficulty.  The  authors  assert  that  this  rule 
is  applicable  without  an  exception  to  the  paleozoic  crinoids. 

An  appendix  to  the  work  contains  two  articles.  In  the  first 
the  authors  place  the  genus  Stephanocrinus  among  the  Palseo- 
crinoidea,  assigning  it  to  the  Larviformia.  Roemer  and  J. 
Muller  had  previously  referred  this  genus  to  the  Cystidea;  and 
later,  Etheridge  and  Carpenter  referred  it  to  the  Blastoidea.  The 
latter  authors  seem  to  have  regarded  the  evidence  adduced  by 
Wachsmuth  and  Springer  as  conclusive,  for  in  their  lately-pub- 
lished catalogue  of  the  Blastoidea  they  omit  Stephanocrinus. 

In  the  second  article  they  apply  the  rules  which  they  have 
found  to  govern  the  structure  of  dicyclic  and  monocyclic  Palaeo- 
crinoidea,  to  the  later  crinoids ;  and  they  come  to  the  conclusion 
that  the  ApiocrinoidsB  and  Comatulae  are  constructed  upon  the 
plan  of  dicyclic  crinoids ;  and  that  in  their  larval  state  they 
probably  had  rudimentary  underbasals.  If  hereafter  those  plates 
should  be  discovered  their  existence  will  have  been  predicted 
upon  paleontological  evidence,  and  as  the  result  of  comparative 
studies. 

The  second  section  of  Part  III  completes  the  work  as  the 
authors  originally  planned  it;  but  they  have  begun  the  prepara- 
tion of  a  monograph  of  the  Paleozoic  Crinoids  of  North  America, 
wbich  they  intend  to  make  the  most  extensive  illustrated  work 
oil  crinoids  ever  produced.  Paleontologists  will  await  the  results 
of  their  newly  self-imposed  task  with  great  interest.        c.  a.  w. 

4.  A  card  to  American  Geologists. — A  meeting  of  the  Ameri- 
can Committee  of  the  International  Congress  of  Geologists,  will 
be  held  in  Albany  from  April  6  to  April  9,  1887. 
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The  object  of  the  meeting  is  to  perfect  a  scheme  embodying 
the  thoughts  of  American  geologists  on  the  questions  of  classi- 
iication,  nomenclature,  coloration,  etc.,  entering  into  the  system  of 
unification  of' geological  science  which  is  the  object  of  the  Inter- 
national Congress.  In  order  that  the  Committee  may  represent 
the  views  of  all  American  geologists  it  invites  from  all  their 
individual  opinions  on  any  subjects  likely  to  arise  in  the  Congress. 
Those  who  will  meet  the  American  Committee  in  Albany,  are 
requested  to  send  to  the  undersigned  a  note  of  the  topic  or  topics 
they  propose  to  treat,  and  the  time  which  they  will  require.  In 
cases  where  it  is  not  convenient  for  them  to  go  to  Albany,  they 
are  requested  to  forward  a  statement  of  their  views  in  writing  to 
the  undersigned  before  April  1,  for  presentation  to  the  Committee. 
For  information  as  to  the  kinds  of  questions  to  be  discussed,  atten- 
tion is  called  to  the  report  of  the  American  Committee  published 
last  Spring,  in  which  the  debates  of  the  3d  session  of  the  Inter- 
national Congress  are  reported.  The  following  are  the  sub-com- 
mittees of  the  American  Committee: 

ArchcBariy  Hunt,  Hitchcock,  Winchell ;  Lower  PaXeozoiCy  Hall, 
Winchell,  Lesley ;  Upper  Paleozoic^  Hall,  Lesley,  Newberry, 
Stevenson,  Williams ;  MesozoiCy  Newberry,  Cook,  Cope,  Powell ; 
Ccenozoic  (Marine,)  Smith,  Newberry ;  Ccenozoic  (Interior),  Cope  ; 
Quaternary^  Recent  Archceology,  Powell,  Winchell,  Cook. 

Persifor  Fbazbk,  Secretary, 

5.  7^he  "  Mountain  limestone "  iii  Penfisylvania  a  little  over 
I  iOO  feet  hdow  the  Pittsburg  Coal, — The  Pennsylvania  Geological 
Report  for  the  year  1885,  contains,  on  pages  222  to  226,  a  brief 
report,  by  Professor  A.  Linn  and  E.  Linton,  on  the  discovery  of 
the  Mountain  limestone  in  connection  with  the  Washington 
County  gas  well.  The  limestone  is  nearly  pure  for  120  feet  or  so, 
and  has  below  it  60  feet  of  arenaceous  limestone.  The  latter  con- 
tains quartz  sand,  and  even  pebbles  in  places,  with  some  grains 
of  feldspar.  This  bed  is  regarded  as  the  equivalent  of  that  de- 
scribed by  Professor  Lesley  and  Dr.  Stevenson  as  occurring  in  the 
gaps  of  Laurel  Hill  and  Chestnut  Ridge. 

6.  Fossil  Trunk  of  a  tree  in  hydromica  or  sericitic  gneiss. — 
Dr.  E.  de  Fellenburg  announced  to  the  Helvetic  Society  of 
Natural  Sciences  in  Geneva,  Aug.  1886,  the  discovery  of  a  fossil 
trunk  of  a  tree  in  the  gneiss  of  the  valley  of  Oberhasle  (Haslithal) 
—the  length  1*45  meter,  and  breadth  0-12  to  0*17.  It  is  not  quite 
cylindrical,  and  has  a  series  of  annular  furrows,  in  several  places 
a  brown  coating,  with  fine  longitudinal  striations  and  what  ap- 
pears to  be  a  series  of  joints.  Another  smaller  specimen  accompa- 
nied this  ;  some  characters  suggested  that  it  was  a  Calamites,  but 
no  decisive  opinion  is  expressed.  Professor  Baltzer  stated  further 
that  the  sericitic  gneiss  is  associated  with  phyllite,  and  also  with 
bands  of  granite ;  and  he  expressed  his  confiaence  that  the  speci- 
men was  a  true  fossil,  and  the  gneiss  a  paleozoic  gneiss. — Arch. 
ScL  Phys,  et  Nat.  Geneva^  Sept.-Oct.,  1886. 

7.  Second     Contribution   to    the    Studies    of   the   Cambrian 
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Faunas  of  North  America;  by  C.  D.  Walcott.  369  pp.  8vo, 
with  33  plates.  Washington,  1886.  Bulletin  No.  30,  U.  S.  Geol. 
Survey.  A  very  large  and  elaborate  contribution  to  Cambrian 
Paleontology,  with  numerous  excellent  illustrations  on  the  33 
plates. 

8.  The  Geological  and  Natural  History  Survey  of  Minnesota 
for  1885.  N.  H.  Winchell,  State  Geologist. — This  volume  con- 
tains reports  on  the  Aphididse  of  the  Stale  by  O.  W.  CEstlund, 
on  Cheiocrinus  and  Calceocrinus  and  some  new  genera  oi'  Crin- 
oids  by  E.  O.  Ulrich ;  Report  on  the  Museum ;  bibliography  in 
the  department  of  Forammifera ;  new  fossils  by  N.  H.  Winchell ; 
on  copper  alloyed  with  silver  from  the  L.  Superior  region  (less 
than  one-tenth  per  cent  in  assays  given),  and  on  the  Cambrian  of 
Minnesota,  by  the  same. 

*9.  Annuaire  Geologique  universel  et  Guide  du  Giologue 
autour  de  la  Terre,  eto.,^  public  par  le  Dr.  Agincourt  avec  le  con- 
cours  de  nombreux  Geologues,  E.  Chelot  Secretaire.  Tome  II,  1® 
partie,  362  pp.;  2%  Appendice,  27  pp.;  3%  Index  bibl.  1885,  79 
pp.  Paris,  1886. — This  second  edition  of  the  Geological  Annual 
by  Dr.  Agincourt  is  an  important  advance  upon  the  volume  of 
last  year  both  as  regards  amount  of  matter  and  accuracy.  It 
includes  a  long  list  of  the  Geologists  of  different  countries,  with 
their  addresses ;  of  the  prominent  museums ;  geological  charts 
and  other  kindred  matter. 

10.  Notes  on  Minerals  from  North  Carolina  ;  by  G.  vo'm  Rath. 
— In  a  recent  copy  of  his  "  Vortrage  und  Mittheilungen,"  con- 
taining the  communications  made  to  the  Scientific  Society  at  Bonn 
between  the  dates  January  11  and  July  7,  1886,  Professor  vom 
Rath  gives,  together  with  other  interestmg  matter,  the  results  of 
his  study  of  some  North  Carolina  minerals.  The  specimens  in 
hand  were  received  from  Mr.  W.  E.  Hidden,  having  been  found 
by  the  latter  in  his  explorations  in  the  neighborhood  of  Stony 
Point,  Alexander  County.  The  following  abstract  includes  the 
points  of  most  interest. 

Bbbyl. — A  highly  modified  crystal  12™™  in  length  by  10™™  in 
width,  and  of  nearly  ideal  symmetry,  was  found  to  be  a  combina- 
tion of  the  following  forms  : 

O(OOOl),  /(lOlO),  1-2  (1150),  1  (lOll),  2  (202l),  2-2  (1121),  3-?  (2131),  4-1(3141), 
2-}  (4263),  6-1  (4261),  J4  (6454)?  J-j  (2132). 

The  figure  accompanying  the  description  shows  all  these  planes 
except  the  last  two.  The  form  4-f  is  spoken  of  as  new  to  the 
species,  which,  however,  is  hardly  true,  as  it  was  noted  by  Hes- 
senberg  in  1863  on  an  Elba  crystal.  The  results  of  careful  meas- 
urements agreed  very  closely  with  the  angles  given  by  Kokscha- 
row  as  seen  in  the  following  list ;  the  double  angles  indicate  the 
extreme  values  for  the  different  edges  measured. 

Vom  Rath.  Kokscharow. 

0^  2-2=136'  V    to  135'*  4"  136'*  3"    66'     . 

2-2  ^  2-2= 138'  37'  to  138'  38^'  138*  38' 23' 

0^  1    =160'  V    to  150"  3"  150"  3"    24* 

1a1    =151"  4'    to  161"  6i'  161"  6'   45* 
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It  was  observed  that  the  fine  emerald  color  characteristic  of  the 
crystal  under  examination  belonged  to  a  border  \  to  J""  in  thick- 
ness ;  furthermore,  narrow  canals  hexagonal  in  form  and  made 
by  planes  of  the  unit  prism,  were  noted  running  through  the  crys- 
tal parallel  to  the  vertical  axis. 

MoNAziTE. — ^The  crystals  examined  were  remarkable  for  their 
size  and  perfection  of  form,  and  especially  interesting  as  being 
penetration-twins  cruciform  in  shape,  with  the  orthopinacoid  as 
the  twinning  plane.  The  chief  points  in  regard  to  these  crystals 
are  contained  in  the  note  by  Mr.  Hidden  in  this  Journal  for  Sep- 
tember last,  p.  207.  In  addition  to  the  planes  given  by  Hidden, 
vom  Rath  notes  1-2  (^12).  As  fundamental  angles  were  taken 
001^1-1=138®  7',  01 0/v  110=133"  8',  also  the  twinning  angle 
1-i/v  1-^=1^0®  4';  from  these  the  axes  were  calculated 

d'.h:  c=0-96092  :  1  :  0*90807  ;  /J=103**  26^'. 

The  faces  did  not  allow,  in  most  cases,  of  very  accurate  measure- 
ments, though  on  the  whole  the  agreement  with  the  calculated 
angles  was  tolerably  satisfactory.  A  minute  comparison  is  made 
with  the  crystals  from  other  localities  both  as  to  occurring  planes 
and  angles.     Some  of  the  measured  and  calculated  angles  are  : 

MeMored.  OalcaUted.                       MeMored.  CftlcnUted. 

t.»  A  0        lOH'  29'  103'  26i'  1-t  A  2-t=160''  1'  160'  25f' 

f-t  A  1-t       IOC*  23'           99"  68'  1-t  A  l.»  A  119"  26'  118"  48^' 

.^     ,^      13r63')  ,o,oeo/                    iA2-t=133''4'  132"  641' 

fH^l-i       j.^2«    6'f  ^^^    ^"^  »-iA2.i=160'40'  I5r27i' 

130'  40' 

Apatite. — Some  delicate  prismatic  crystals  (25™"  in  lengtji) 
showed  the  planes  0(0001),  i(l012),  l(lOll),  2(205l),  1-2(1122), 
2-2(1121),  3-}(213i).  The  angles  measured  agreed  within  a 
minute  or  two  with  those  of  Kokscharow. 

Spodumkne. — Some  crystals,  20™"^  in  size,  and  fully  developed 
at  both  ends  except  a  single  point  of  attachment,  proved  to  be 
very  different  in  habit  from  the  hiddenite  previously  described. 
The  identification  of  the  planes  was  a  matter  of  some  difficulty,  as 
the  faces  were  dull  and  only  to  be  measured  by  means  of  attached 
glass  plates.  The  planes  observed  are  given  in  the  following  list; 
of  these,  z,  /,  ^,  J,  and  (p  are  new. 

6(010,  t-l);  /(llO),  m(120,  1-2),  n(130,  t-S),  2(150,  i-6);  /(Oil,  l-t);  f  (:U2, 
1-3),  d(421,  4-2),  e(241,  4-2),  t(481,  8-2). 

As  fundamental  angles  were  taken : 

•/..  /'=86'  48',  //sf=U7°  30',  6^6=152"  45', 

and  the  axial  ratio  calculated  is 

a="6:  c=ll283.:  1  :  0-62345,  p=z\W  27^'. 

These  results  agree  very  well  with  the  axial  ratio  giv/en  by  J.  D. 
Dana  for  the  Norwich  crystals.  The  crystals  showed  /and  (p 
large  and  striated  parallel  to  the  edge  of  /  and  //  i,  6,  t  were 
also  well  developed,  while  the  other  planes  were  quite  small. 
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Another  spodumene  crystal,  prismatic  in  habit  and  18""  long, 
resembled  in  aspect  crystals  of  certain  varieties  of  pyroxene.  The 
crystal  was  altered  and  the  faces  consequently  were  dull  and  gave 
poor  measurements.     The  planes  finally  identified  were 

o(100,  i-0,  6(010,  i^^  /(llO),  m(120,  1-2),  ft  (230,  t-|),  ^(021,  2-t),  e(24l, 
-4-2),  ^(131,  -3-3),  a;  (231,  3-|),  t(;(321,  3-|).  1^(341,  4-J). 

Of  these,  A:,  5,  w  and  v  were  new  to  the  species. 

RuTiLE. — The  beauty  aijd  brilliancy  of  the  black  rutiles  is 
strongly  emphasized  by  vom  Rath.  The  most  remarkable  crystal 
was  a  combination  of  the  planes:  «-i(100),  /(llO),  2-|(530),  i-\{^^^\ 
1-4(410),  1-1(101),  1(111),  321(3-|);  of  these  the  prism  t-J  is  new. 
The  crystal  was  a  twin  of  the  rare  type  figured  by  Miller  in  his 
Mineralogy,  the  twinning-plane  being  3-i. 

Tourmaline. — Three  crystals  examined  were  14  to  16""  in 
length  and  7  to  10""  through  the  prism.  They  showed  the  two 
prisms,  and  the  terminating  planes  i2(10il),  — ^i?(01i2),  — 2i? 
(0112^,  — 27?(022i),  in  one  crystal  the  form  —^72  was  prominent; 
theplanes  §-2(1123)  were  also  identified. 

Xenotime. — A  few  remarks  are  made  in  regard  to  some  crys- 
tals already  described  more  fully  by  Mr.  Hidaen.  The  terminal 
angle  of  the  pyramid  was  found  to  be  124*  28'  and  124®  30'. 

11.  Notes  on  Aquamarine  from  Mount  Antero^  Colorado;  by 
Rev.  R.  T.  Cross.  (Communicated.)— The  aqua-marines  forming 
the  subject  of  this  note  were  obtained  two  or  three  years  ago  on 
Mt.  Antero,  in  Chaffee  County,  Colorado,  by  Mr.  N.  D.  Wanamaker. 
He  states  that  they  were  found  in  the  decomposed  granite  of 
the  Sawatch  Range,  Continental  Divide,  above  timber  line,  and 
most  of  them  near  together  in  one  pocket.  I  have  deferred  writ- 
ing this  note  in  the  hope  of  being  able  to  visit  the  locality  myself, 
but  in  this  I  have  been  disappointed. 

The  color  of  the  aqua-marines  is  bluish  green.  The  two  largest 
crystals  found  were  three  inches  long  and  about  half  an  inch  in 
thickness.  Of  those  now  in  my  possession  eight  crystals  have 
terminations,  and  a  dozen  others  are  tolerably  clear  but  not  ter- 
minated. The  longest  crystal  is  one  and  three-eighths  inches  in 
length  and  three-eighths  of  an  inch  in  diameter.  The  lower  third 
is  translucent,  the  remainder  transparent,  with  some  flaws.  This 
crystal,  like  the  others,  is  finely  striated  on  the  prism,  but  the 
basal  plane  is  very  smooth  and  brilliant.  The  next  crystal  is  very 
nearly  the  same  size,  is  clear  through  its  whole  length,  but  has 
only  an  imperfect  termination.  Another  is  three-fourths  of  an 
inch  long,  and  on  its  termination  shows  the  planes  2-2  quite  large, 
and  the  planes  1  and  2  very  small.  The  teiminal  edges  of  the 
prism  of  a  number  of  the  crystals  are  rounded;  and  some  of  them 
exhibit  what  appear  to  be  slender  longitudinal  cavities  running 
parallel  to  the  prism,  and  probably  due  to  striations  on  the  origi- 
nal crystal  now  forming  the  core.  This  central  part,  or  core,  is 
often  very  distinct;  it  is  transparent,  while  the  outside  layer, 
looked  at  lengthwise,  is  opaque.     Sometimes  the  core  projects  at 
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the  broken  end  of  the  crystal  in  a  globular  form,  similar  to  cer- 
tain tourmalines  described  by  Hamlin. 

On  examining  the  crystals  closely  I  found  a  few  which  had 
attached  to  them  what  seemed  to  be  small  quartz  crystals.  The 
angles,  however,  did  not  appear  to  agree  with  those  of  quartz, 
and  knowing  that  phenacite  was  often  mistaken  for  quartz,  as  its 
name  suggests,  I  thought  that  they  might  be  phenacites.  Mr. 
W.  Cross  confirmed  my  supposition,  and  he  placed  the  crystals  in 
the  hands  of  Mr.  Penfield  of  the  Sheffield  Scientific  School,  who 
has  fully  described  them  (see  page  130  of  this  number). 

III.   Botany  and  Zoology. 

1.  Beohachtxmgen  ilber  den  Blumenbesuch  von  LiBecten  und 
Frielandpjlauzen  des  Botanischen  Gartens  zu  Berlin,  von  Dr.  E. 
LoEw,  Oberlehrer  am  K.  Realgymnasium  zu  Berlin,  1885.  Also 
Weitere  Beobachtungen,  etc.,  1886. — ^These  two  papers,  published 
one  in  the  third,  the  other  in  the  fourth  volume  of  the  Jahrbuch  of 
the  Berlin  Botanic  Gardens,  together  make  a  treatise  of  180 
pages,  intended  to  supplement  and  to  extend  the  well-known 
investigations  of  the  late  Hermann  Mtlller  upon  the  reciprocal 
relations  of  showy  flowers  and  insects.  Mtlller  investigated  these 
relations  in  a  natural  flora,  that  of  Germany,  in  which  these  rela- 
tions were  normally  established.  Dr.  Loew  studies  them  in  an 
artificial  assemblage  of  plants  recently  brought  together  in  a 
large  botanical  garden.  Mtiller  undertook,  by  counting  the  visi- 
tors to  each  kind  of  flower,  to  determine  what  kinds  and  species 
of  insects  were  especially  active  in  its  fertilization,  and  how  the 
insect  had  become  adapted  to  the  particular  blossom,  as  well  as 
the  blossom  to  the  insect,  in  the  long  process  of  natural  selection. 
Dr.  Loew's  object  was  to  ascertain  what  selections  each  species 
or  group  of  insects  will  make  among  the  flowers  of  all  the  princi- 
pal natural  orders  brought  together  for  cultivation  in  our  own 
days  from  various  parts  of  the  world.  To  keep  the  inquiry 
within  definite  and  manageable  limits,  it  was  restricted  to  three 
geographical  groups  of  plants:  1,  those  of  the  European  and 
N.  Asiatic  forest  zone;  2,  those  of  the  Mediterranean  and  the 
Orient;  3,  N.  American  and  E.  Asiatic  plants. 

Mtlller  assumed  that  wherever  the  flower  and  its  fertilizing 
insects  harmonize  perfectly  in  their  adaptations,  it  must  be  that 
the  visiting  insects  have  remained  the  same  since  the  blossom, 
under  the  influence  of  the  fertilizers,  acquired  its  special  adapta- 
tions ;  and  that,  wherever  the  adjustment  is  incomplete  a  consid- 
erable change  has  occurred;  either  the  plant  is  an  immigrant 
from  some  other  locality,  or  foreign  insects  have  come  into  its 
locality,  or  its  proper  cross-fertilizers  have  disappeared.  And 
the  conclusions  gathered  from  M tiller's  statistics  were  :  1.  That  the 
more  exposed  the  nectar  in  a  flower,  the  larger  the  proportion  of 
insects  with  short  proboscis  visiting  it,  also,  of  the  kinds ;  while  in 
proportion  as  the  nectar  is  removed  from  direct  access,  the  pro- 
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portion  of  visitors  with  long  proboscis  increases,  bees,  flies  and 
DQtterflies;  2.  Conversely  it  is  found  that  the  shorter  the  pro- 
boscis of  an  insect  the  more  it  visits  flowers  with  free  or  little 
concealed  nectar;  the  longer  the  proboscis  the  more  it  prefers 
flowers  with  deep-seated  nectaries.  And  insects  specially  adapted 
to  flowers  of  a  particular  form  mainly  visit  these  flowers  only. 
3.  Short-lipped  insects  prefer  light-colored  blossoms  (white  and 
yellow);  those  with  long  proboscis,  not  in  need  of  much  food, 
prefer  deep  colors  (red,  blu^,  violet) ;  but  those  which  require 
more  nourishment  are  not  so  particular  as  to  color. 

The  question  which  Loew  asked  was,  whether  these  conclusions 
hold  good  of  foreign  plants  placed  before  the  insects  of  a  certain 
locality.  On  the  whole,  they  were  corroborated  by  his  very 
extensive  observations  in  the  Berlin  Garden.  But  the  selection 
of  foreign  plants  by  the  bee  tribe  was  often  different  from  that  of 
indigenous  plants.  For  example,  among  the  fitting  S.  European 
and  Oriental  flowers  presented  to  them  in  the  garden,  bees  and 
humble  bees  greatly  preferred  deep-colored  flowers ;  while  among 
the  Amencan plants  the  lighter-colored  CompositsB  wereprefeiTed, 
probably  because  the  number  of  the  yellow-flowered  CompositSB 
was  so  greatly  in  excess  of  the  proper  bee-adapted  flowers.  More- 
OTer,  some  nearly  related  genera  of  the  bee-tribe,  and  with  pro- 
bosces  of  the  same  length,  difiered  greatly  in  their  selection  of 
flowers ;  indeed,  in  most  Apidm  the  selection  of  flowers  was  evi- 
dently much  influenced  and  even  determined  by  some  other  factor 
than  the  mere  length  of  the  proboscis.  From  such  facts  Loew  is 
led  to  believe  that  Mtlller's  theory  of  the  origination  of  lone- 
beaked  ApidoB  from  the  short-beaked,  in  a  direct  line  througn 
natural  selection  pari  passu  with  corresponding  change  in  flowers, 
is  not  borne  out.  Mtlller  had  concluded  that  Compositse-flowers 
were  a  sort  of  common  feeding-ground  of  various  classes  of 
insects ;  and  the  way  in  which  bees  and  other  indigenous  insects 
shifted  their  preferences  to  foreign  Compositm  in  the  Berlin  garden 
confirmed  this.  Finally,  Loew  proposes  a  more  simple  classifica- 
tion than  Mtlller's  of  the  stages  or  adaptation  of  insects  to  flowers, 
based  upon  morphological  and  biological  characters,  quite  irre- 
spective of  theories  of  descent,  rightly  keeping  the  latter  in  abey- 
ance until  the  facts  are  determined  by  direct  observations,     a.  g. 

2.  MiNOB  Botanical  Notes.  — TJnder  the  patronage  of  the 
Bentham  Trustees,  volumes  xvi  and  xvii,  of  Hooker* s  Icones 
Plantarum,  have  been  simultaneously  in  press  during  the  past 
year.  The  two  parts  of  the  sixteenth  volume,  wholly  phaneroga- 
mous, have  already  been  noticed.  Of  vol.  xvii,  which  is  wholly 
devoted  to  Ferns  under  the  editorship  of  Mr.  Baker,  three 
parts  have  appeared.  One  of  them  gives  a  figure  of  a  new  North 
American  Fern,  the  Asplenium  Glenniei  of  Baker  (Athyrium 
arcunle  of  Fournier),  a  Mexican  species,  which  Mr.  and  Mrs. 
Lemmon  collected  in  the  mountains  of  S.  Arizona. 

Baron  von  Mtlller,  Government  Botanist  for  Victoria,  Aus- 
tralia, has  just  brought  out,  under  official  auspices,  his  Descrip- 
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tion  and  Illustrations  of  the  Myoporineous  Plants  of  Australia, 
i.  e.  the  lithograms,  seventy-four  plates,  in  a  beautiful  large 
quarto  volume.  The  letter  press  is  to  come  *'  somewhat  later." 
But  that,  as  the  author  intimates,  can  wait,  because  the  species 
here  so  admirably  illustrated  are  all  described  either  in  the  momi- 
mental  Mora  Australiensis  (which  owes  its  value  no  less  to 
Mtiller's  labors  than  to  Bentham's),  or  in  the  FVagmenta  Phytogr, 
Australioe,  a  part  of  the  special  and  multitudinous  work  of  the 
present  author.  There  was  a  natural  wish  to  give  colored  plates, 
which  would  have  cost  very  mucK  more,  but  would  have  been 
not  much  better  for  tnily  botanical  purposes.  The  drawings  are 
all  by  R.  Graff,  and  are  his  first  effort  in  this  line.  They  are 
truly  good,  and  the  lithography  does  credit  to  the  Government 
printing  office  at  Melbourne,  and  to  the  Colony. 

The  Report  on  the  Primida  Conference  held  at  South  Kensing- 
ton, April  20,  21,  1886,  and  on  the  Orchid  Nomenclature  Confer- 
ence held  at  Liverpooly  on  June  30,  1886,  makes  up  vol.  vii,  no.  2, 
of  the  Journal  of  the  Royal  Horticulturai  Society,  London.  The 
most  permanently  interesting  matter  is  the  part  relating  to  the 
origin  and  history  of  the  cultivated  Auricula,  and  next  Dr. 
Masters'  paper  on  the  root-structure  and  mode  of  growth  of  Pri- 
mulas, with  copious  illustrations.  As  to  Orchid  Nomenclature 
for  the  mass  of  varieties  and  forms  in  cultivation,  the  upshot  of 
the  conference  seems  to  be,  that  the  botanists  should  give  scien- 
tific names  to  the  more  distinct  forms,  and  the  cultivators  should 
not  imitate  those,  but  give  fancy  names — vernacular  or  other,  but 
never  Latin — to  their  own  productions  and  to  indicate  those 
differences  which  the  grower  may  value,  but  the  botanist  takes  no 
account  of. 

Professor  Macoun's  Catalogue  of  Canadian  Plants,  part  iii, 
Apetalce,  has  just  appeared,  although  the  preface  is  dated  April, 
1886,  since  which,  we  presume,  it  was  printed.  It  is  one  of  the 
publications  of  the  Geological  and  Natural  History  Survey  of 
Canada,  nils'  completes  the  first  volume,  carrying  it  on  from 
p.  305  to  p.  623,  including  an  elaborate  appendix  to  the  first  and 
second  parts,  and  a  complete  index  to  the  volume.  This  volume 
embodies  a  vast  amount  of  work,  both  in  field  and  in  herbaria, 
and  is  full  of  valuable  observations.  Our  attention  is  particu- 
larly arrested  by  the  observations  on  trees,  especially  the  conif- 
erous trees,  which  tiaturally  are  most  important  as  well  as  inter- 
esting. A.  G. 

3.  Botanical  Necrology  fob  1886.  —  The  following  are 
European : 

Eduabd  Morren,  Professor  of  Botany  and  Director  of  the 
Botanical  Institute  at  Li^ge,  Belgium,  son  of  a  distinguished 
botanist,  himself  more  distinguished,  died  at  Li^ge,  February  28, 
at  the  age  of  53  yeare. 

Rev.  Wm.  W.  Newbould,  a  most  acute  and  critical  British 
botanist,  died  at  Kew,  April  16,  at  the  age  of  67. 

Dr.  Wm.  Hillbbrand,  who  lived  and  botanized  for  several 
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years  in  the  Sandwich  Islands,  had  published  not  a  little  upon 
their  botany,  and  was  engaged  upon  a  Flora  Hawaiensis,  died, 
at  Heidelberg,  July  13.  He  is  commemorated  by  the  Begonia- 
ceous  genns  Suiehrandia  of  Oliver. 

Db.  Henry  Flbtchke  Hancb,  English  Consul  at  Whampoa, 
an  acute  and  most  indefatigable  systematic  botanist,  unequalled . 
for  his  knowledge  of  Chinese  botany,  died  at  Honcfkong,  June  22, 
at  the  age  of  59.  Mr.  Francis  B.  Forbes,  equally  a  devotee  to 
Chinese  botany,  contributes  to  the  Journal  of  Botanjr,  British  and 
Foreign,  for  January,  1886,  an  appreciative  memoir  of  his  asso- 
ciate and  friend. 

T.  G.  Obphanides,  Emeritus  Professor  of  Botany  in  the  Uni- 
versity of  Athens,  and  who  in  former  years  did  much  to  make  the 
botany  of  Greece  better  known  by  excellent  McsicccUcB,  died 
August  17,  at  the  age  of  69. 

Prof.  J.  W.  Albert  Wigand,  of  the  University  of  Marburg, 
after  a  long  illness,  died  at  Marburg,  October  22,  in  the  66th  year 
of  his  age. 

The  notable  loss  from  our  ranks  in  this  country  is  that  of  our 
eminent  Lichenologist, 

Edward  Tuckebmah,  who  died  on  the  15th  of  March  last,  in 
the  69th  jrear  of  his  age.  His  biography  is  giyen  in  this  Journal, 
vol.  xxxii,  and  in  the  Proceedings  of  the  American  Academy  of 
Arts  and  Sciences,  vol.  xxi,  1886.  a.  g. 

4.  Bulletin  of  the  Museum  of  Comparative  Zoology^  Harvard 
College. — No.  6,  vol.  xii,  on  the  Deep  Sea  Mollusca,  (Brachiopoda 
and  Pelecypoda,)  by  W.  H.  Dall,  from  dredgings  of  the  steamer 
"Blake."  No.  1,  vol.  xiii,  on  the  Holothurioidea,  ibid.,  by  H. 
Th6el. 

6.  Elementary  Course  in  Practical  Zoology ;  by  Buel  P. 
CoLTON.  186  pp.  12mo.  Boston,  1886  (D.  C.  Heath  &  Co.) — 
This  small  manual  for  practical  zoology  covers  the  whole  animal 
kingdom  in  a  concise  manner,  and  will  be  found  a  convenient 
woA  for  the  student. 

IV.  Miscellaneous  Scientipic  Intelligence. 

1.  Ice  Period  in  the  Altai  Mountains, — ^Mr.  E.  Miohaelis,  in 
Nature  of  December  16  (p.  149)  states  that  in  the  southern  part 
of  the  Altai,  where  there  are  now  some  large  glaciers,  there  are 
evidences  of  "a  mighty  spreading  of  ancient  glaciers."  The 
evidences  occur  to  the  south  on  the  ranges  of  Tarbagatay  and 
Savor,  the  southern  limits  of  the  basin  of  the  Irtysch,  where  there 
are  now  no  glaciers.  There  are  great  bowlder  and  cobble- 
stone deposits  on  the  northern  slopes,  extending  for  ten  miles 
from  south  to  north.  The  Savor  chain  is  a  post-Tertiary  eleva- 
tion ;  the  Altai  is  of  remote  age,  and  must  have  formed  dry  land 
since  the  Cretaceous  period  at  least. 

2.  Signal  Service  Bureau. — The  death  of  the  head  of  this 
bureau,  General  Hazen,  opens  the  question  as  to  the  best  suc- 
cessor.    The  work  of  the  bureau  is  scientific  in  the  collection  of 
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facts  and  the  preparation  of  daily  reports  on  the  observations,  as 
well  as  in  the  discussion  of  the  series  of  results  brought  in  from 
over  the  country  and  world  with  reference  to  a  knowledge  of 
meteorological  principles,  and  a  broad  basis  for  prognostications. 
All  considerations  sustain  the  decision  that  the  head  of  the  depart- 
ment should  be  a  man  of  meteorological  and  physical  science, 
accustomed  to  scientific  work,  and,  at  the  same  time,  one  of  large 
executive  experience  and  success. 

Q.  F.  Matthew.  Fauna  of  the  St  John  Group,  No.  3,  Trans.  B07.  Soc.  Cam., 
1885. 

Bulletin  of  the  Washburn  College  Laboratory,  Topeka,  Kansas,  vol  i,  No.  7. 
Contains  descriptions  of  fVesh-water  molluska  bj  R.  E.  Call  and  notes  on  Oshes 
byC.  H.  GUbert.^ 

Bulletin  of  ihe*  Bulblo  Soc.  Nat  Sd.,  voL  v,  No.  2.  Contains  papers  on  the 
fossil  fishes  of  the  Genesee.  Portage  and  Black  Shales,  bj  H.  U.  Williams;  and 
on  the  fishes  of  the  Comiferous,  bj  the  same  and  F.  K.  Mixer,  and  other  papers. 

Catalogue  of  Fossil  Mammalia  of  the  British  Museum,  Part  3,  by  R.  Lyddekker. 
Contains  catalogue  with  notes  of  the  Ung^ulate,  suborders  Perissodactyla,  Tazo- 
dontia,  Condylarthra  and  Amblypoda,  with  some  fig^ures. 

The  Geology  of  Long  Island,  by  F.  J.  H.  Merrill,  24  pp.  8vo,  with  2  plates 
(Ann.  N.  T.  Acad.  Sol,  iii,  Nos.  11,  12,  1886).  A  valuable  contribution  to  Amer- 
ican geology. 

Fossil  Insects, — Bulletin  No.  31  of  the  U.  S.  Geological  Survey  contains  a  sys- 
tematic review  of  our  present  knowledge  of  Fossil  Insects,  including  Myriapoda 
and  Arachnids,  by  Mr.  S.  H.  Scudder. 

OBITUARY. 

Professor  E.  L.  Toumakb,  of  New  York,  died  on  the  eighteenth 
of  January,  in  his  67th  year.  He  had  long  been  active  and  suc- 
cessful in  the  work  of  extending  a  knowledge  of  scientific  truths 
and  principles  among  the  general  public.  His  published  works 
include  a  Class  Book  of  Chemistry  (1862);  Alcohol  and  the  Con- 
stitution of  Man  (1853);  Chemical  Atlas  (1855);  Handbook  of 
Household  Science  (1857);  and  some  others.  He  planned  the  well 
known  International  Scientific  Series,  begun  in  1871  and  of  which 
fifty-seven  volumes  have  now  been  issued.  He  also  established  the 
Popular  Science  Monthly  in  1872,  of  which  he  remained  the  chief 
editor.  A  compilation  of  essays  on  the  Conservation  of  Energy  and 
the  Correlation  of  Forces,  to  which  he  added  an  Introduction, 
was  prepared  by  him  in  1864.  He  was  also  instrumental  in 
extending  a  knowledge  of  the  writings  of  Spencer,  Tyndall  and 
Huxley  in  this  country,  and  as  the  scientific  adviser  of  the  Messrs. 
Appleton,  and  in  other  ways,  his  influence  was  felt  in  the  ad- 
vancement of  science. 

Selwyn  L.  Harding,  the  young  author  of  a  valuable  paper  in 
the  first  number  of  this  volume  died  earlv  in  Januarv  after  five 
days  illness.  The  past  summer  he  received  from  Harvard  his 
degree  of  A.B.,  summa  cum  laude^  with  honors  in  physics ;  and 
at  the  time  of  his  death  he  was  studying  Electrical  and  Mechani- 
cal Engineering  in  the  Massachusetts  School  of  Technology. 

Thbodor  von  Oppolzer,  the  eminent  astronomer,  died  at 
Vienna  on  the  26th  of  December  in  his  46th  year. 
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Art.  XX. — On  the  Absolute  Wave-length  of  Light;  By  LouiB 
Bell,  Fellow  in  Physics  in  Johns  Hopkins  University. 

Up  to  the  present  time,  Angstrom's  map  of  the  solar  spectrum 
and  with  it  his  determination  of  absolute  wave  length,  has  re- 
mained the  final  standard  of  reference  in  all  spectroscopic  mat- 
ters. But  since  Angstrom's  work  was  published,  optical  science, 
particularly  that  part  of  it  which  deals  with  the  manufacture  and 
use  of  diffraction  gratings,  has  made  enormous  progress.  It  is 
now  possible  with  the  concave  grating  to  measure  relative  wave- 
lengths with  an  accuracy  far  greater  than  can  be  claimed  for 
any  one  of  the  absolute  (determinations.  The  numbers  given  by 
Angstrom  are  now  known  to  be  too  small  by  as  much  as  one 
part  in  seven  or  eight  thousand,  as  has  been  shown  by  Thal^n 
in  his  monograph  "Sur  le  spectre  du  Fer,"  and  since  Ang- 
strom's work  but  one  careful  determination  has  been  made. 
This  is  by  Mr.  C.  S.  Peirce  and  was  undertaken  some  eight 
years  since  for  the  U.  S.  Coast  and  Geodetic  Survey.  No  full 
report  of  this  work  has  as  yet  been  published,  tnough  it  is 
evidently  very  careful  and  has  already  consumed  several  years. 
Certain  results  were  communicated  to  Prof.  Rowland  of  this 
University  to  serve  as  a  standard  of  reference  for  his  great  map 
of  the  solar  spectrum  now  nearly  completed,  and  it  was  to  serve 
as  a  check  on  these  results  and  to  furnish  a  value  of  the  abso- 
lute wave  length  as  nearly  as  possible  commensurate  in  accu- 
racy with  the  micrometrical  observations,  that  the  experiments 
detailed  in  the  present  paper  were  undertaken.     Only  the  work 
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with  glass  gratings  has  been  as  yet  completed,  but  since  the 
relative  wave  lengths,  which  are  intrinsically  of  far  greater  im- 
portance, are  now  ready  for  publication  and  have  been  reduced 
by  the  value  herein  given,  the  result  is  published,  leaving 
fbr  further  work  with  speculum  metal  gratings,  its  final  con- 
firmation or  correction. 

This  portion  of  the  determination  is  delayed  awaiting  better 
facilities  for  carrying  it  out,  but  the  writer  intends  undertaking 
it  at  the  earliest  possible  moment  and  hence  leaves  for  a  future 
paper  the  complete  discussion  of  the  problem. 

The  writer  desires  here  to  express  his  deep  obligations  to 
Prof.  Howland,  under  whose  guidance  the  work  has  been 
carried  on  and  to  whom  a  very  important  correction  is  due, 
and  to  Profs.  W.  A.  Rogers  and  0.  S.  Peirce  for  information 
given  and  courtesies  extended. 

EXPBBIMBNTAL. 

The  determination  of  absolute  wave-length  involves  two 
quite  distinct  problems — first,  the  exact  measurement  of  the 
angle  of  deviation  of  the  ray  investigated,  and  second,  the  meas- 
urement of  the  absolute  length  of  the  gratings  used.  Each  por- 
tion of  the  work  involves  its  own  set  of  corrections,  frequently 
quite  complicated  and  difficult,  but  it  is  the  latter  part  that  is 
peculiarly  liable  to  errors,  which  will  be  treated  in  detail  fur- 
ther on.  As  to  the  former  part,  several  important  questions 
arise  at  the  very  outset.  First  is  the  choice  between  transmis- 
sion and  reflection  gratings.  The  principal  work  heretofore 
has  been  done  with  the  former,  but  metallic  gratings  possess 
certain  advantages,  notably  from  the  ease  with  which  their 
temperature  can  be  accurately  measured,  and  the  fact  that  they 
can  easily  be  made  of  a  size  much  larger  than  glass  gratings, 
and  consequently  a  small  inaccuracy  in  measuring  them  involves 
much  less  error  in  the  result. 

On  the  other  hand  the  coefficient  of  expansion  of  speculum 
metal  is  more  than  twice  as  great  as  that  of  glass,  and  being  a 
good  conductor  it  is  far  more  sensitive  to  small  changes  of  tem- 

[)erature.  And  this  property  increases  the  liability  to  irregu- 
arities  in  the  ruling,  particularly  in  large  gratings  which  require 
several  days  for  completion.  In  ruling  on  glass  change  of  tem- 
perature is  less  serious  but  this  advantage  is  more  than  ofTset 
by  the  faults  caused  by  the  wearing  away  of  the  diamond 
point,  which  breaks  down  so  rapidly  that  it  is  enormously  diffi- 
cult to  produce  a  glass  grating  jtree  from  flaws  and  at  all  com- 
'  parable  in  optical  excellence  with  those  upon  speculum  metal. 
The  determination  of  absolute  wave-length  should  rest  on  meas- 
urements made  with  both  classes,  and  with  sufficiently  exact 
instruments  and  very  careful  experimentation,  the  better  results 
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can  probably  be  obtaiDed  from  the  metallic  gratings.  For  the 
reasons  previously  stated,  this  paper  is  confined  to  the  results 
from  glass  ones. 

Now  there  are  two  quite  distinct  ways  of  using  transmission 
gratings — first,  perpendicular,  or  nearly  so,  to  collimating  or 
observing  telescope ;  and  second,  in  the  position  of  minimum 
deviation.  The  method  in  the  first  case  is  familiar — the  proper- 
ties of  the  second  are  as  follows  : 

The  general  relation  between  the  incident  and  the  diffracted 

ray  is : 

.     .       .    ,A      ^       ^^ 
•  sin  t  +  sm  (6  —  %)  =  — . 

When  i=o^,  this  gives  the  ordinary  formula  for  normal  inci- 
dence.    Putting  it  in  the  form— 

_        2(a)    .    ^        i'      \ 
A  =  -^^'  sm  -  cos  it  —  -), 

the  deviation  represented  by  the  angular  term  will  evidently  be  a 
minimum  when  t=-  and  the  wave-length  will  then  be  given  by 

the  formula 

1       2(a)   .    6 
\  =  -^'  sm  -. 
m  2 

It  is  not  easy  to  say  which  method  of  procedure  is  preferable, 
but  on  the  whole  the  ordinary  plan  of  normal  incidence  offers 
fewer  experimental  difQculties  and  therefore  was  adopted,  par- 
ticularly as  the*  spectrometer  used  was  specially  well  suited  to 
that  method.  It  is  quite  certain  that  either  method  will  with 
proper  care  give  the  angular  deviation  with  a  degree  of  exact- 
ness far  surpassing  that  attainable  in  the  measurement  of  the 
gratings. 

The  Spsctbometbb. 

This  was  a  large  and  solid  instrument  by  Meyerstein  with  a 
circle  on  silver  82*^  in  diameter  divided  to  tenths  of  a  degree. 
This  is  read  by  two  micrometer  microscopes  180°  apart.  The 
pitch  of  the  micrometer  screws  is  such  tnat  one  turn  equals 
about  2\  and  as  the  head  is  divided  into  sixty  parts  each  of 
these  represents  2''.  The  micrometer  can,  however,  be  set  with 
certainty  to  less  than  half  this  amount.  The  collimating  and 
observing  telescopes  are  of  4^  clear  aperture  and  85^  focal 
length  and  the  lenses  are  well  corrected.  The  collimator  is 
fixed  to  the  massive  arms  which  carry  the  reading  microscopes 
while  the  observing  telescope  is  attached  to  a  collar  on  the  axis 
of  the  main  circle  and  moves  freely  upon  it  or  can  be  firmly 
clamped  so  as  to  move  with  the  circle.     The  grating  is  carried 
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on  an  adjustable  platform  with  a  circle  12*5^  in  diameter, 
divided  to  80'  by  verniers  to  V  and  moving  either  upon  or  with 
the  large  circle. 

This  arrangement  of  parts  does  not  admit  of  fixing  the  grat- 
ing rigidly  normal  to  the  collimator,  so  in  all  the  experiments 
it  was  placed  normal  to  the  observing  telescope,  a  position 
which  was  particularly  advantageous  in  the  matter  of  adjust- 
ment. The  instrument  was  set  up  in  a  southern  room  in  the 
physcial  laboratory  and  throughout  the  experiments  the  colli- 
mator pointed  about  south-southeast.  With  the  eyepiece  used 
the  observing  telescope  had  a  power  of  very  nearly  |ix teen 
diameters. 

Gratings. 

Very  few  glass  gratings  have  ever  been  ruled  on  Prof.  Bow- 
land*s  engine,  since  for  most  purposes  they  are  much  inferior  to 
the  metallic  ones,  and  are  very  much  more  difficult  to  rule,  as 
they  run  great  risk  of  being  spoiled  by  the  breaking  down 
of  the  diamond  point.  A  very  few,  however,  were  ruled  in  1884 
with  special  reference  to  wave-length  determination,  and  of 
these  the  two  best  were  available  for  these  experiments.  They 
are  both  ruled  upon  plane  sextant  mirrors,  and  are  of  very 
nearly  the  same  size — thirty  millimeters  long,  with  lines  of 
about  nineteen  millimeters.  Each  hundredth  line  is  longer,  and 
each  fiftieth  line  shorter  than  the  rest,  so  that  the  gratings  are 
very  easy  to  examine  in  detail.  The  ruling  of  both  is  smooth 
and  firm,  without  breaks  or  accidental  irregularities  and  almost 
without  flaws.  They  were  ruled  at  different  temperatures 
and  on  different  parts  of  the  screw,  and  while  one  was  ruled 
with  the  ordinary  arrangement  of  the  engine,  the  other 
was  ruled  lo  a  very  different  space  by  means  of  a  tangent 
screw.  This  great  diversity  of  conditions  in  the  two  gratings  is 
far  from  favoring  a  close  agreement  in  the  results,  but  tends  to 
eliminate  constant  errors  due  to  the  dividing  engine,  and  hence 
to  increase  the  value  of  the  average  result  It  must  be  remem- 
bered that  two  gratings  ruled  on  the  same  part  of  the  screw  are 
in  most  respects  little  better  than  one.  The  grating  designated 
I  in  this  paper  contains  12,100  spaces,  at  the  rate  of  very  nearly 
400  to  tne  millimeter,  and  was  ruled  (by  tangent  screw")  at 
a  temperature  of  G**'?  0.  in  January,  1884.  It  gives  excellent 
definition  with  almost  exactly  the  same  focus  for  the  spectra  on 
either  side,  and  is  quite  free  from  ghosts  or  other  similar 
defects. 

The  grating  designated  II  has  8,600  spaces,  at  the  rate  of 
about  7,200  to  the  inch,  and  was  ruled  in  November,  1884,  at 
11°'6  C.  Its  definition  and  focussing  are  very  nearly  as  good  as 
in  I  and  like  it,  it  shows  no  trace  of  ghosts  or  false  lines ;  they 
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are  both  exquisite  specimens  of  the  work  which  Prof.  Rowland's 
engine  is  capable  of  doing,  though  as  the  event  showed,  I  is 
decidedly  the  better  grating,  in  the  matter  of  regularity  of  ruling. 

Angulab  Mbasubembnts. 

•At  the  beginning  of  the  work  a  serious  question  of  adjustment 
arose.  There  are  two  ways  of  using  a  grating  perpendicular  to 
one  of  the  telescopes.  In  the  first  place  it  may  be  placed  and 
kept  accurately  in  that  position,  ana  secondly  it  may  be  placed 
nearly  in  the  position  for  normal  incidence,  and  the  error  meas- 
ured and  corrected  for.  Angstrom  used  the  latter  method,  which 
involved  a  measurement  on  the  direct  image  of  the  slit  as  well 
as  on  the  lines  observed.  Using  Angstrom's  notation — let  a  and 
(^  be  the  readings  on  the  spectra,  and  M  that  on  the  slit.  Let, 
also, 

— M  =  A     and     — - —  =  q). 

2  2  ^ 

Then  if  y  is  the  angle  made  by  the  incident  ray  with  the  nor- 
mal to  the  grating,  and  N  the  order  of  spectrum, 

n;i         ,       X  . 

—  =  COB  (;^+A)  sm  q>; 

also  sin  y  =  sin  (>^  +  a)  cos  ^, 

and  tan  v  = ^ —  i^.     But  from  the  second  of 

'       1  —  cos^ 

the  above  equations, 

sm  (y  +  A)  =  — ^-, 
^^        '       cos  q) 

Now  it  was  found  that  with  the  collimating  eyepiece  belongin 
to  the  spectrometer,  y  would  never  exceed  and  seldom  reac 
10'^  while  the  angles  of  deviation  observed  were  about  45* 
Substituting  these  values  in  the  last  equation,  it  at  once 
appeared  that  the  cosine  of  (7*+^)  was  aquantitv  diflfering  from 
unity  by  considerably  less  than  one  part  in  a  million,  and  hence 
entirely  negligible.  Further,  it  was  found  that  the  grating  once 
set  could  be  trusted  to  remain  perpendicular  through  a  series  of 
measurements,  and  though  at  the  end  of  each  series  the  grating 
was  adjusted  to  a  new  part  of  the  circle,  and  a  close  watch  was 
kept  for  its  slipping  out  of  adjustment,  it  was  never  found 
necessary  to  reject  a  series  from  that  cause. 

The  grating  was  centered  and  adjusted  with  reference  to  the 
circles  and  their  axes  by  the  ordinary  methods.  Throughout 
the  experiments  the  light  was  concentrated  on  the  slit  by  an 
achromatic  lens  of  about  half  a  meter  focus,  which  was  placed 
behind  a  sheet  of  deep  yellow  glass,  which  served  to  cut  oflf  the 
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overlapping  blue  rays  which  might  otherwise  have  proved 
troublesome.  A  heliostat  enabled  the  sun's  image  to  be  kept 
centrally  upon  the  slit. 

The  method  of  observation  was  as  follows:  When  instrument 
and  grating  were  in  exact  adjustment,  readings  were  taken  on  D^ 
in  the  spectra  on  either  side  of  the  slit,  and  the  angle  measured 
from  three  to  six  tim^fs  in  rapid  succession,  the  last  reading 
being  of  course  on  the  same  side  as  the  first. 

Then  the  grating  was  rotated  about  ten  degrees,  readjusted, 
and  the  process  repeated. 

The  angles  observed  in  one  series  were  combined  to  eliminate 
errors  of  setting,  while  the  use  of  all  portions  of  the  circle  served 
to  correct  erroi-s  of  subdivision,  sinctj  the  number  of  indepen- 
.  dent  series  of  observations  was  quite  larga 

To  eliminate  any  errors  which  might  be  due  to  imperfections 
of  figure  in  the  gratings  they  were  used  in  all  the  four  possible 

{)ositions.     No  such  error,    however,  became  apparent  either 
rom  critical  examination  of  the  gratings  themselves,  or  from 
the  results  obtained  in  the  different  positions. 

Observations  with  grating  I  were  begun  late  in  October,  1885, 
and  occupied  the  clear  days  for  a  month.  Forty-eight  series  of 
measurements  were  made,  and  the  agreement  between  them  was 
very  satisfactory.  After  correcting  for  temperature,  thirty-six 
of  the  number  fell  within  a  range  of  three  seconds  and  the  rest 
were  clustered  closely  about  them.  Observations  on  the  various 
days  were  as  follows : 

Number  of 
Date. 

Oct. 


Nov. 


Date. 

Series. 

Angle. 

19 

46*  1'  47'-2 

20 

45**   1'  48'-4 

22 

46°  r  48'-2 

23 

46°   1'  49'-8 

26 

46*  1'  49'-8 

27 

45°   V  48*-2 

31 

45°   r  bO"! 

3 

46°  1'  48'.6 

4 

3 

45°  V  47''-4 

6 

2 

45°  r  47'-9 

10 

4 

45°  1'  47^-8 

11 

6 

46*  1'  49'-7 

16 

8 

45°   I'  48''-2 

17 

5 

46°  1'  47'-5 

20 

6 

45°  1'  47'-5 

All  the  above  were  in  the  third  spectrum  to  which  measure- 
ments were  in  the  main  confined  as  in  it  ihe  definition  was 
particularly  good,  and  it  being  the  highest  order  which  could  be 
conveniently  observed,  an  error  in  the  angle  would  produce  the 
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minim  am  effect     The  speotra  on  both  sides  of  the  slit  were 
about  equal  in  brilliancy  and  definition. 

The  observations  were  weighted  as  nearly  as  possible  accord- 
ing to  the  favorable  or  unfavorable  conditions  under  which 
they  were  made,  and  when  finally  combined  gave  as  the  value  of 
the  angle  of  deviation  for  grating  I, 

^=45*"  1'  48'-24±0'-ll. 

The  above  probable  error  is  equivalent  to  a  little  less  than 
one  part  in  a  million  and  can  introduce  no  sensible  error  into 
the  resulting  wave  length. 

Other  work  intervened  and  the  measurements  with  grating 
H  were  not  taken  up  until  early  in  the  succeeding  March. 
Precisely  the  same  method  of  observation  was  employed  and 
the  results  were  nearly  as  consistent  and  satisfactory. 

The  observations  by  days  were  as  follows : 


Date,  1886. 

Number  of  Series. 

Angle. 

March    6 

2 

42« 

5'        l'-2 

10 

1 

42^ 

4'     68^-6 

11 

7 

42° 

5'        l'-4 

16 

1 

42° 

6'       4^-0 

16 

6 

42* 

4'     57^-8 

17 

0 

42° 

4'     68''-5 

18 

7 

42** 

4'     69^-1 

23 

6 

42° 

4'     58'-3 

When  collected  thus  by  days  the  observations  do  not  appear 
to  agree  nearly  as  well  as  those  made  with  grating  I,  particu- 
larly since  a  solitary  wild  readings  that  of  March  15,  is  retained. 
The  distributiion  of  the  various  readings,  however,  is  such  that 
after  weighing  and  combining  the  final  result  is  by  no  means 
deficient  in  accuracy.     It  is, 

<p  =  42°  4'  59'-28  ±  0'-2 

The  above  probable  error  amounts  to  about  one  part  in  six 
hundred  thousand.  The,  observations  with  grating  II  were 
uniformly  in  the  fourth  order  of  spectrum. 

Throughout  the  measurements  with  both  gratings  the  temper- 
ature was  kepi  within  a  few  degrees.  20°  C.  had  been  selected 
as  the  standard  temperature  and  the  variation  was  rarely  more 
than  two  or  three  degrees  on  either  side  of  that  figure.  The 
question  of  temperature  determination  is  a  serious  one  in  case 
of  glass  gratings,  for  it  is  very  hard  to  tell  what  heating  effect 
the  incident  beam  has  on  the  grating,  and  equally  hard  to 
measure  that  effect.  It  is  hardly  safe  without  extraordinary 
precautions  to  assume  that  the  grating  has  the  same  tempera- 
ture as  the  air  near,  and  it  is  such  a  bad  conductor  that  it 
would  not  easily  assume  the  temperature  of  the  apparatus.     In 
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these  experiments  a  sort  of  compromise  was  effected.  A  small 
thermometer  was  attached  to  the  thin  metallic  slip  that  held 
the  edge  of  the  grating,  and  shielded  by  cotton  from  air  car- 
rents  which  of  course  would  aflPect  it  much  more  than  they 
would  the  grating.     The  thermometer  was  a  small  Fahrenheit 

f graduated  to  quarter  degrees  and  quite  sensitive.  It  was  care- 
uUy  compared,  throughout  the  range  of  temperatures  em- 
ployed, with  thermometer  Baudin  7812,  which  served  as  a 
standard  in  all  the  measurements  regular  and  linear,  and  during 
part  of  the  time  was  placed  directly  over  the  grating  to  give  a 
check  on  the  attached  thermometer.  This  expedient  was  finally 
abandoned  as  unlikely  to  help  the  matter  much. 

The  corrections  for  temperature  were  deduced  from  the 
assumed  coefficient  of  expansion  of  glass,  which  was  taken  as 
0*0000085.  This  was  reduced  to  angular  correction  for  the 
approximate  value  of  ip  and  applied  directly  to  the  observed 
angles.  Since  the  temperatures  at  which  observations  were 
made  varied  little  from  20°  0.  and  were  quite  equally  distribu- 
ted on  both  sides  of  that  figure  any  error  in  the  assumed  coeffi- 
cient would  hardly  aflFect  the  average  result,  but  would  appear, 
if  at  all,  as  a  slight  increase  in  the  probable  error. 

ygQmm  (reduced)  was  taken  as  standard  pressure  and  the 
values  for  the  days  of  observation  were  taken  from  the  XJ.  S. 
Signal  Service  observations  for  the  hours  of  11  A.  M.  and  3  P.  M. 
on  those  days.  The  average  for  the  measurements  made  with 
grating  I  was  761™  and  for  those  with  grating  II  760°*°",  so 
that  corrections  for  pressure  were  uncalled  tor. 

The  effect  of  the  velocity  of  the  apparatus  through  space  is 
a  subject  concerning  which  there  has  been  much  discussion. 
Angstrom  deduced  a  correction,  but  van  der  Willigen  in]  quite 
a  lengthy  discussion  of  the  whole  matter  came  to  the  conclu- 
sion that  there  was  no  error  due  to  the  above  cause.  Since 
that  period  the  question  has  been  raised  from  time  to  time,  but 
no  decisive  investigations  on  the  subject  have  yet  been  pub- 
lished. At  present  however  it  seems  to  be  tolerably  well  set- 
tled that  no  correction  is  needed,  as  the  error,  if  there  be  any, 
is  of  an  order  of  magnitude  entirely  negligible,  and  in  the 
present  paper  none  has  been  applied. 

The  angular  measurements,  after  all  corrections  were  applied, 
may  thus  be  regarded  as  determined  with  a  high  degree  of 
accuracy — most  probably  to  less  than  one  part  in  half  a  million. 

Measurement  op  the  Gratings. 

The  exact  determination  of  the  grating  space  is  by  far  the 
most  difficult  portion  of  a  research  on  absolute  wave  length, 
and  has  been  uniformly  the  most  fruitful  source  of   errors. 
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Besides  the  experimental  difficulties  of  the  task,  it  is  far  from 
an  easy  matter  to  secure  proper  standards  of  length.  The 
standards  used  in  various  former  investigations  have  proved  to 
be  in  error,  sometimes  by  a  very  considerable  amount,  and 
indeed  very  few  of  the  older  standards  are  above  suspicion. 
As  Peirce  has  very  justly  remarked  in  connection  with  this 
subject,  "  All  exact  measures  of  length  made  now  must  wait 
for  their  final  correction  until  the  establishment  of  the  new 
metric  prototype."  Short  standards  of  length  are  in  some 
respects  peculiarly  liable  to  error,  since  they  must  be  compared 
witn  the  subdivisions  (often  not  sufficiently  well  determined) 
of  secondary  standards,  and  small  sources  of  uncertainty  such 
as  poor  defining  lines,  slight  changes  in  the  apparatus  and  the 
like,  of  course  are  much  more  serious  as  the  length  is  less. 

Fortunately  there  were  available  for  the  measurement  of  the 
gratings  two  standard  double  decimeters  which  have  been  de- 
termined with  almost  unprecedented  care  by  Professor  W.  A. 
Rogers.  They  are  upon  speculum  metal ;  were  graduated  and 
determined  by  Professor  Boeers  early  in  1885  and  were  pur- 
chased by  the  university  late  in  the  same  year.  They  are  desig- 
nated respectively  S^  and  Sj|  and  are  discussed  at  length  in  the 
Proceedings  of  the  American  Society  of  Microscopists  for  1886. 

The  bar  S^  is  23'™  in  length.  Near  one  edge  is  the  double 
decimeter  Si  divided  to  centimeters,  the  5^  lines  being  triple. 
S,  is  27°^  in  length  and  graduated  in  the  same  way.  The 
defining  lines  in  both  are  fine  and  sharp  and  the  surfaces  are 
accurately  plane.  They  are  standard  at  16°'67  0.  and  from  an 
elaborate  series  of  comparisons  with  four  different  standards 
the  coefficient  of  expansion  was  found  to  be, 

17*946  /4  per  meter  per  degree  C. 

Si  and  SJ  depend  for  their  accuracy  on  a  long  series  of  inde- 
pendent comparisons  with  Professor  Rogers'  bronze  yard  and 
meter  R-  and  steel  standards  whose  relation  to  Rj  was  very 
exactly  known.  R^  has  been  determined  by  elaborate  com- 
parisons with  various  standard  meters  and  yards,  and  is  de- 
scribed and  discussed  at  length  in  the  Proceedings  of  the 
American  Academy,  vol.  xviii.  The  length  of  the  meter  was 
determined  both  directly  and  through  the  yard,  by  comparison 
with  the  following  standards : 

I.  The  meter  designated  T,  copper  with  platinum  plugs,  traced 
and  standardized  by  Tresca  in  1 880  from  the  Conservatoire  line 
metre  No.  19,  which  bears  a  very  exactly  known  relation  to  the 
Metre  des  Archives. 

II.  The  yard  and  meter  designated  C.  S.,  brass  with  silver 
plugs,  belonging  to  the  Stevens  Institute.  The  yard  was  com- 
pared with  the  Imperial  Yard  in  1880  so  that  it  is  directly  and 
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exactly  known.  It  was  afterwards  sent  to  Breteuil  and  the  meter 
was  determined  with  great  exactness  by  elaborate  comparisons 
with  type  I  of  the  International  Bureau  of  Weights  and  Measures. 
III.  "Bronze  11"  a  primary  copy  of  the  Imperial  Yard  pre- 
sented to  the  United  States.in  1856.  It  was  taken  to  England  in 
1878  and  finally  determined  by  direct  comparison  with  the  Im- 
perial Yard,  Bronze  Yard  No.  6,  and  Cast  Iron  Yards  B  No.  62 
and  0  No.  63. 

The  subdivisions  of  R,  have  been  determined  with  very  great 
care,  and  thus  Sj  and  S^,  whose  lencths  relative  to  R,  are  accu- 
rately known,  may  finally  be  referred  to  the  ultimate  standard 
Type  I  of  the  International  Bureau. 

Only  the  b^  spaces  of  S^  and  S^  were  investigated  by  Prof. 
Rogers,  but  these  were  determined  by  various  methods  under 
widely  diflFerent  conditions,  and  their  relations  to  the  standards 
with  which  they  were  compared  may  be  regarded  as  definitely 
known.  From  a  combination  of  all  results  the  subdivisions  of 
S^  have  the  following  lengths  at  the  standard  temperature. 


Standard  S-  = 

199-99918' 

dm^  ga  _ 

99-99995 

<»^-8-  = 

99-99923 

5^",  S-  = 

50-00010 

5-,S-  = 

49-99985 

5^"^,  S-  = 

49-99901 

5--,  S-  = 

50-00022 

Similarly  the  following  values  were  derived  for  S^. 

Standard  S"2  =  199-99968'"™ 

^'\  S",  =  1 00-00001 

**'",  S- =  99-99967 
5^""^  S;=  50-00020 
S*^"",  S*i=  49-99981 
6c™,  8;=  49-99931 
'5<^"^S-,=   50-00042 

As  to  the  degree  of  accuracy  attained  in  determining  S*  and, 
Sj,  Prof.  Rogers  says  that  including  all  sources  of  uncertainty 
either  standard  may  have  an  error  of  zb0*3/z,  but  the  mean  of 
the  two,  since  the  determinations  were  independent  ought  to 
be  even  more  reliable.  Taking  all  things  into  consideration  it 
seems  very  improbable  that  the  mean  value  of  S^  and  S^  can  be 
in  error  by  as  much  as  one  part  in  half  a  million. 

So  much  for  the  standards  of  length.  The  comparator  used 
in  the  measurements  was  a  very  efficient  instrument,  particu- 
larly suited  for  the  purpose.  It  consisted  essentially  of  a  long 
carriage  (i  meter)  running  on  V-shaped  ways  and  carrying  the 
microscope.     This  carriage  slides  against  adjustable  stops,  and 
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is  pressed  against  them  with  perfect  uniformity  by  means  of 
weights.  An  adjustable  platform  below  carries  the  standards 
and  objects  to  be  measured.  The  ways  of  both  carriage  and 
platform  had  been  ground  till  they  were  perfectly  uniform  and 
true  and  the  working  of  the  instrument  left  little  to  be  desired 
in  the  way  of  accuracy.  Throughout  a  long  series  of  measure- 
ments the  stops  would  not  be  displaced  by  so  much  as  0'1/z  if 
proper  care  were  used  in  moving  the  carriage.  The  microscope 
'was  attached  so  firmly  as  to  avoid  all  shaking,  and  was  armed 
with  a  half-inch  objective  and  an  excellent  eyepiece  micrometer. 
The  objective  was  made  specially  for  micrometric  work  and 
was  fitted  with  a  Tolles'  opaque  illuminator.  Measurements 
were  made  as  follows:  The  standard  bar,  and  the  grating 
mounted  on  a  polished  block  of  speculum  metal,  were  placed 
side  by  side, — or  sometimes  end  to  end, — on  the  platform  and 
very  accurately  leveled.  The  stops  were  set  very  nearly  three 
centimeters  apart,  one  end  of  the  grating  brought  under  the 
microscope  resting  against  one  of  the  stops,  and  the  micrometer 
set  on  the  terminal  line.  Then  tlie  carriage  wafl  brought  against 
the  other  stop  and  the  micrometer  again  set.  The  same  process 
was  then  gone  through  with  on  three  centimeters  of  the  stand- 
ard, and  then  going  back  to  the  grating  it  was  compared  in  the 
same  manner  with  succeeding  triple  centimeters  till  the  fifteen 
centimeter  line  was  reached,  thus  eliminating  the  errors  of  the 
single  centimeters  and  making  the  determination  rest  only  on 
the  fifteen  centimeter  line.  The  temperature  was  given  by  a 
thermometer  placed  against  the  standard  bar  or  the  block  that 
carried  the  grating.  In  this  manner  each  grating  was  repeat- 
edly compared  with  the  first  15  centimeters  of  each  bar,  at  or 
near  20°,  the  temperature  at  which  the  gratings  had  been  used. 
The  micrometer  constant  was  determined  by  measuring  tenths 
of  millimeters  ruled  on  Prof.  Howland's  engine,  but  in  practice 
the  stops  were  so  adjusted  that  it  was  almost  eliminated.  Each 
division  of  the  micrometer  head  equalled  0*28//  and  the  proba- 
ble error  of  setting  was  less  than  half  that  amount. 

All  measurements  were  reduced  to  20*^  C.  as  in  case  of  the 
angular  determinations.  The  line  along  which  the  linear  meas- 
ures were  made  was  that  formed  by  the  tenainations  of  the 
rulings.  It  therefore  was  necessary  to  kfiow  very  exactly  the 
angle  between  this  line  and  the  direction  of  the  individual  rul- 
ings, in  other  words  the  angle  between  the  line  of  motion  of  the 
grating  and  the  direction  of  the  diamond  stroke  in  the  dividing 
engine.  This  was  ascertained  by  means  of  two  test  plates  each 
some  twelve  cm.  long  ruled  in  cms.  and  then  superimposed  line 
for  line.  By  measuring  the  minute  distances  between  each  end 
of  a  pair  of  superimposed  lines,  the  length  of  the  lines  and  the 
amount  by  which  their  ends  overlapped  at  each  end  of  the  test 
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filaie,  the  required  angle  could  be  deduced  with  great  exactness, 
t  differed  so  little  from  90^  however,  that  the  correction  pro- 
duced, barely  one  part  in  a  million,  was  entirely  negligible. 

After  all  reductions  and  corrections,  the  following  series  of 
values  were  obtained  for  the  grating  spaces  of  gratings  I  and 

n. 


Series. 

Grating  I. 

Standard. 

1 

000250023°»°» 

s- 

2 

0-00250016 

u 

3 

0-00250013 

C( 

4 

0-00250015 

« 

5 

0-00250018 

<c 

6 

0-00250021 

Si 

7 

0-00250023 

t< 

8 

0-00250023 

« 

9 

0-00250023 

(( 

Mean  value  adopted  after  weighting  and  combining  the  above 
observations  was: 

0-002500194°»"±10 

The  probable  error  thus  appears  to  be  not  far  from  one  part  in 
two  hundred  and  fifty  thousand.  The  difference  in  the  results 
obtained  from  the  two  standards  seems  to  be  purely  accidental 
as  appears  from  the  measurements  on  grating  II. 


Series. 

Grating  II. 

Standard. 

1 

0-0036 1888°»"» 

s- 

2 

0-00351883 

<i 

3 

0-00351985 

a 

4 

0-00351886 

C( 

5 

0-00351883 

« 

6 

0-00361893 

s; 

7 

0-00351888 

c< 

8 

0-00351888 

<c 

9 

0-00351888 

« 

Mean  adopted,  0-0036l8870i:10 

The  probable  error  appears  to  be  rather  less  than  in  the 
measurements  of  grating  I.  As  however  the  angular  deter- 
minations made  with  I  are  the  better,  so  far  as  probable  errors 
of  observation  are  concerned  the  result  from  the  two  gratings 
are  about  equal  in  value. 

Computing  now  the  wave-length  corresponding  to  the  given 
values  of  ip  and  b  for  each  grating,  we  have  finally  for  the  wave- 
length of  Dj  at  20°  C.  and  760°^  pressure  : 

From  Grating    I  uncorrected,  6896*11  tenth  meters. 
From  Grating  II  "  5895-95  " 
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The  difference  in  the  above  results  is  by  no  means  large  com- 
pared with  the  results  obtained  from  different  gratings  by  other 
investigators,  but  it  certainly  is  enormously  great  compared 
with  the  experimental  errors  alone. 

As  nearly  as  can  be  judged  these  ought  not  in  either  grating 
to  exceed  one  part  in  two  hundred  thousand,  while  the  above 
discrepancy  is  about  one  part  in  thirty-five  thousand. 

Its  cause  must  be  sought  in  the  individual  peculiarities  of 
the  gratings,  rather  than  in  the  method  of  using  them. 

All  gratings  are  subject  to  irregularities  of  ruling,  and  the 
effects  of  these  is  various,  according  to  the  nature  and  magni- 
tude of  the  defects.  Linear  or  periodic  errors  in  ruling,  unless 
very  small,  will  make  themselves  apparent  by  changing  the 
focus  of  the  spectra  or  producing  ghosts,  respectively  ;  and  if 
such  errors  are  large,  render  the  grating  totally  unfit  for  exact 
measurement  Accidental  errors,  such  as  a  flaw  or  break  in  the 
ruling,  are  also  serious,  but  are  easily  detected  and  may  be 
approximately  corrected,  as  was  done  by  Angstrom  in  the  case 
of  one  of  his  gratings.  Any  marked  and  extensive  irregulari- 
ties of  spacing  will  produce  bad  definition  or  false  lines,  and  in 
most  cases  both.  If,  then,  a  grating  on  microscopical  examina- 
tions is  free  from  flaws  and  on  the  spectrometer  gives  sharply 
defined  spectra,  alike  in  focus  and  free  from  ghosts,  it  is  safe  to 
conclude  that  it  is  tolerably  free  from  the  errors  above  men- 
tioned, but  unfortunately  there  is  one  fault  that  does  not  at 
once  become  visible,  while  it  introduces  a  very  serious  error  in 
the  measurements.  This  is  a  rather  sudden  change  in  the  grat- 
ing space  through  a  portion  of  the  grating,  usually  at  one  end. 
Such  an  error  is  usually  due  to  abnormal  running  of  the  screw 
when  the  dividing  engine  is  first  started,  and  may  in  this  case 
be  avoided  by  letting  the  engine  run  for  some  time  before 
beginning  to  rule.  Tnus  Grating  I,  ruled  with  this  precaution, 
is  nearly  free  from  this  error.  Sometimes,  however,  it  is  the 
terminal  or  an  intermediate  portion  of  the  grating  that  is  thus 
affected  in  which  case  the  error  may  be  due  to  a  change  of  tem- 
perature or  to  a  fault  in  the  screw.  If  an  error  of  this  kind  is 
extensive,  it  will  produce  the  effect  of  two  contiguous  gratings 
of  different  grating  space,  injuring  the  definition  and  widening 
or  reduplicating  the  lines.  When,  however,  the  abnormal  spac- 
ing is  confined  to  a  few  hundred  lines  it  produces  no  visible 
effect  when  the  whole  grating  is  used,  but  simply  diffuses  a 
small  portion  of  the  light  and  increases  or  decreases  the  average 
grating  space.  For  it  is  evident  that  such  a  portion  of  the 
grating  must  ]x>ssess  little  brilliancy  and  less  resolving  power, 
and  the  more  its  spacing  differs  from  that  of  the  rest  of  the 
grating,  the  less  chance  of  visible  effect  and  the  greater  error 
introduced.      Such  a  fault  is  compatible   with   the  sharpest 
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definition,  but  can  be  detected  by  cutting  down  the  aperture  of 
the  grating  till  the  spectrum  from  the  abnormal  portion  is 
relatively  bright  and  distinct  enough  to  be  seen.  The  effective 
grating  space,  producing  the  spectra  on  which  measurements 
are  made  is,  of  course,  that  of  the  normal  portion  only.  Both 
the  gratings  used  in  these  experiments  were  affected  by  the 
above  error,  No.  I,  very  slightly,  No.  II,  somewhat  more  seri- 
ously. Not  only  the  discrepancies  between  different  gratings, 
but  those  between  different  orders  of  spectra  in  the  same  grat- 
ing are  due  to  this  causa  For  while  in  one  order,  where  the 
effect  due  to  the  abnormal  portion  is  imperceptible,  the  spec- 
trum as  measured  is  produced  by  the  effective  grating  space 
alone,  in  another  order  there  may  be  produced  a  slight  shading 
off  of  the  lines  so  that  their  apparent  centers  may  correspond 
approximately  to  the  average  grating  space.  In  any  case,  it  is 
quite  cl^ar  that  a  combination  of  the  results  from  different 
orders  of  spectra  will  not  eliminate  the  error. 

The  remedy  lies  either  in  stopping  out  the  imperfect  portion 
of  the  grating,  or  measuring  it  and  introducing  a  correction. 
As  the  work  of  angular  measurements  was  nearly  finished  before 
the  study  of  the  gratings  was  begun  owing  to  a  delay  in  getting 
apparatus,  the  latter  course  was  adopted  in  these  experiments. 
Each  grating  was  examined  in  detail,  and  the  relation  of  the 
grating  spaces  in  the  various  portions  of  it  carefully  deter- 
mined. From  these  data  a  simple  graphical  method  gave  the 
correction  to  be  applied  to  the  wave  length.  In  each  grating 
the  fault  was  confined  to  a  small  portion,  and  as  the  order  of 
spectrum  employed  in  each  was  selected  on  account  of  its  good 
definition  and  freedom  from  anything  like  haziness  or  shading 
of  the  lines,  it  seems  safe  to  assume  that  the  abnormal  portion 
produced  no  visible  effect  and  that  consequently  the  correction 
above  mentioned  counteracts  the  error  quite  effectually.  In 
grating  I  the  correction  was  one  part  in  300,000,  and  in  grating 
II  one  part  in  60,000.  Applying  these  to  the  wave  lengths  we 
have  for  grating  I, 

Wavelength 5896-11 

Correction —  '02 

Corrected  w.  1 6896*09 

And  for  grating  II, 

Wave  length 6895-95 

Correction 4- '10 

Corrected  w.l 6896'06 

Combining  these  and  giving  to  Grating  I  the  greater  weight 
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on  account  of  its  very  small  error  of  ruling,  we  have  finally  for 
the  wave  length  of  D,  at  20°  0.  and  760™"  pressure, 

5896-08  or  in  vacuOy  6897*71 

It  is  no  easy  matter  to  give  any  well  founded  estimate  of  the 
probable  error  of  the  above  result.  So  far  as  experimental 
errors  are  concerned  the  result  with  either  grating  should  be 
correct  to  one  part  in  two  hundred  and  fifty  thousand,  but 
the  error  in  the  gratings  introduces  a  complication  by  no  means 
easy  to  estimate.  As  nearly  as  the  writer  can  judge,  however, 
it  seems  probable  that  the  error  of  the  final  result  does  not 
exceed  one  part  in  two  hundred  thousand.  For  comparison, 
the  values  deduced  from  the  work  of  Peirce  and  of  Angstrom 
are  subjoined. 

Micrometer  measure  by  Rowland,  from  Peirce's  prelimi- 
nary result 6896-22 

Thalen's  correction  of  AngstrOm 6896  -89 

both  being  in  air  at  ordinary  temperature  and  760"°*. 

As  neither  result  was  corrected  for  errors  in  the  gratings  the 
cause  of  the  discrepancy  is  obvious. 

Two  determinations  of  absolute  wave  length  have  been  pub- 
lished since  this  work  was  undertaken  by  the  writer.  One  is  a 
very  elaborate  one  by  Mtiller  and  Kempf,  who  employed  four 
gratings  by  WanschafF  and  used  the  method  of  minimum  devia- 
tion.    Their  results  were  as  follows: 

Grating (2151)  (6001)  (8001)  (80014) 

Wavelength...     5896-46  5896-14  6896-97  5896-33 

By  a  correction  founded  on  the  unwarrantable  assumption 
that  the  mean  value  was  correct  the  above  results  are  brought 
into  apparent  agreement.  Nothing,  however,  short  of  a  study 
in  detail  of  each  grating  can  furnish  data  for  obtaining  anv- 
thing  like  an  accurate  result  from  the  above  figures.  It  would 
seem  that  (5001),  which  had  the  smallest  probable  error,  should 
show  but  a  trifling  error  of  ruling,  while  one  would  expect  to 
find  a  portion  or  portions  of  (2161),  in  which  the  grating  space 
is  abnormally  large.  Corresponding  errors  of  ruling  should 
appear  in  (8001)  and  (80014).  A  similar  study  of  the  gratings 
used  by  Angstrom  would  be  of  no  little  interest 

The  other  determination  alluded  to  is  one  by  M.  de  L^pinay, 
using  a  quartz  plate  and  Talbot's  banda  Without  discussing 
the  method  it  is  sufficient  to  say  that  the  result  obtainea 
depends  on  the  relation  of  the  liter  to  the  decimeter,  a  ratio' not 
at  present  exactly  determined. 

The  results  detailed  in  this  paper  are  in  a  certain  sense  pre- 
liminary. The  writer  hopes  that  in  the  near  future,  experi- 
ments with   metallic  gratings  will  enable  him  to  lessen  the 
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probable  error  very  materially  and  therefore  defers,  for  the 
present,  further  discussion  of  the  problem. 

Through  the  courtesy  of  Mr.  Peirce  the  writer  has  been 
enabled  to  test  the  legitimacy  of  the  above  correction  and  at  the 
same  time  check  his  own  results.  Mr.  Peirce  kindly  forwarded 
his  gratings  and  standard  of  length  for  examination  and  com- 
parison, and  the  results  were  decidedly  instructive. 

Grating  "H,'*  with  which  a  large  partof  the  work  was  done, 
showed,  as  was  suspected,  a  local  error,  equivalent  to  a  correc- 
tion of  one  part  in  55000  in  the  resulting  wave  length.  Tested 
in  the  spectrometer,  the  portion  including  the  error  showed  a 
grating  space  distinctly  greater  than  that  of  the  grating  taken 
as  a  whole,  showing  thus  both  the  necessity  and  the  algebraic 
sign  of  the  correction.  The  other  gratings  showed  similar 
errors  varying  in  amount,  but  the  same  in  sign,  the  correction 
requiring  in  every  case  a  reduction  in  the  wave  length.  The 
abnormal  portion  was  invariably  at  one  end  or  the  other  of  the 
grating  concerned,  never  in  the  middla 

The  standard  of  length  used  by  Mr.  Peirc^ — "No.  8'*  a  glass 
decimeter — was  compared  with  S^  and  Sj  and  the  preliminary 
results  show  that  the  length  assigned  to  it  was  too  great  by 
very  nearly  i/i^  1  part  in  50000.  Now  the  wave  length  of  Dj 
as  deduced  from  grating  H  was, 

5896-26 
Less  error  of  ruling--  — '10 
Less  error  of  "No.  3"  —-12 
Corrected  value 6896  04  in  air  at  30  in.  pressure  and  70°  F; 

which  shows  a  tolerably  close  correspondence  with  the  results 
obtained  by  the  writer.  A  more  complete  discussion  of  Peirce's 
results  is  reserved  until  the  relation  between  "  No.  8  "  and  S\ 
and  S^  shall  be  more  exactly  known.  The  latter  standards 
would  appear  to  be  the  more  trustworthy,  since  they  are  based 
on  various  independent  determinations,  while  "  No.  8  "  is  based 
on  an  indirect  comparison  with  meter  **  No.  49,"  a  standard 
concerning  the  exact  length  of  which  there  seems  to  be  some 
little  doubt. 


Akt.  XXL — On  the  Relative   Wave-length  of  the  Lines  of  the 
Solar  Spectrum ;  by  Hbnrt  A.  Rowland. 

For  several  years  past  I  have  been  engaged  in  making  a  pho- 
tographic map  of  the  solar  spectrum  to  replace  the  ordinary 
engraved  maps  and  I  have  now  finished  the  map  from  the 
extreme  ultra  violet,  wave  length  8200,  down  to  wave  length 
5790.     In  order  to  place  the  scale  correctly  on  this  map,  I  have 
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found  it  necessary  to  measure  the  relative  wave  lengths  of  the 
spectrum  and  to  reduce  it  to  absolute  wave  lengths  by  some 
more  modern  determination.  I  have  not  yet  entirely  finished 
the  work,  but  as  my  map  of  the  spectrum  is  now  being  pub- 
lished and  as  all  observers  so  far  seem  to  accept  the  measures 
of  Angstrom,  I  have  decided  that  a  table  of  my  results  would 
be  of  value.  For  as  they  stand  now  they  have  at  least  ten 
times  the  accuracy  of  any  other  determination.  This  great 
accuracy  arises  from  the  use  of  the  concave  grating  which 
reduces  the  problem  of  relative  wave  lengths  to  the  measure  of 
the  coincidences  of  the  lines  in  the  different  spectra  by  a 
micrometer. 

The  instrument  which  I  have  employed  has  concave  grat- 
ings 5  or  6  in.  diameter,  having  either  7200  or  14,400  lines  to 
the  inch  and  a  radius  of  21  ft.  6  in.  By  my  method  of  mount- 
ing, the  spectrum  is  normal  where  measured,  and  thus  it  is 
possible  to  use  a  micrometer  with  a  range  of  5  inches.  The 
spectrum  keeps  in  focus  everywhere  ana  the  constant  of  the 
micrometer  remains  unchanged  except  for  slight  variations  due 
to  imperfections  in  the  workmanship.  The  micrometer  has  no 
errors  of  run  or  period  exceeding  the  tj^^s  inch.  The  prob- 
able error  of  a  smgle  setting  on  a  good  clear  line  is  aoout 
jkj^^rfK  of  the  wave  length.  1''  of  arc  is  about  '0012  inch. 
The  JD  line  in  the  second  spectrum  is  "17  inch  or  4*4°*™  wide. 
Determinations  of  relative  wave  length  of  good  lines  seldom 
differ  1  in  500,000  from  each  other  and  never  exceed  1  in 
100,000,  even  with  diflFerent  gratings.  This  is,  of  course,  for 
the  principal  standard  lines,  and  the  chance  of  error  is  greater 
at  the  extremities  of  the  spectrum.  The  interpolation  of  lines 
was  made  by  running  the  micrometer  over  the  whole  spectrum, 
5  inches  at  a  time,  and  adding  the  readings  together  so  as  to 
include  any  distance,  even  the  whole  spectrum.  The  wave 
length  is  calcinated  for  a  fixed  micrometer  constant  and  then 
corrected  so  as  to  coincide  everywhere  very  nearly  with  the 
standards.  I  suppose  the  probable  error  of  the  relative  deter- 
minations with  the  weight  1  in  my  table  to  be  not  far  from 
1  in  500,000.  Angstrom  thinks  his  standard  lines  have  an 
accuracy  of  about  1  in  50,000  and  ordinary  lines  much  less. 

As  to  the  absolute  measure,  it  is  now  well  determined  that 
Angstrom's  figures  are  too  small  by  about  1  part  in  6000. 
This  rests :  1st,  on  the  determination  of  Peirce  made  for  the 
TJ.  S.  Coast  Survey  with  Rutherfurd's  gratings  and  not  yet 
completely  published ;  2nd,  on  an  error  made  by  Tresca  in  the 
length  of  the  standard  meter  used  by  Angstrom*  which  in- 
creases his  value  by  about  1  in  7700*;  8d,  on  a  result  obtained 

♦  Thalen,  8ur  Spectre  du  Fer  Soci^te  Royale  des  Scienoes  d'Upsal,  September, 
1884,  p.  26. 
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in  my  laboratory  with  two  of  my  gratings  by  Mr.  Bell,  which 
is  published  with  this  paper.  Mr.  0.  S.  reirce  has  kindly 
placed  his  grating  at  our  disposal  and  we  have  detected  an 
error  of  ruliog  which  affects  his  result  and  makes  it  nearly  coin- 
cide with  our  own.  The  wave  length  of  the  mean  of  the  two 
E  lines  is 

Angstrdm  (atlas)... 5269-12  ±'06 

"  (Corrected  by  Thalen) 6269-80* 

Peirce 5270-16 

"      (Corrected  by  Rowland  and  Bell).  5270-OOt 
Bell - 527004 

These  results  are  for  air  at  ordinary  pressures  and  tempera- 
tures. The  last  is  reduced  to  20**  C.  and  760™  pressura  To 
reduce  to  a  vacuum,  multiply  by  the  following : 

Fraunbofer  line  A  C  E  G  H 

Correct'n  factor.  1-000291  1-000292  1-000294  1-000297  1-000298 

The  relation  between  my  wave  lengths  and  those  of  Ang- 
strom are  given  by  the  following,  Angstrom's  value  being 
from  p.  31  of  his  memoir. 

B  (edge)  C 

6867-10     6717-16     6562-10     6264-31 
6867-38     6717-83     6562*96     6266-27 


A  (edge) 

..   7597.5 

Rowland 759397 


Difference 


...       -  3-5 

Ang8tr5m 1  5895-13 

Rowland 5896-08 


Difference . 


•95 


Ang8tr6m 526959 

Rowland 5270-43 


-28 

5889-12 
5890-12 

1-00 
E 
5268-67 
5269-65 


Difference 


•84 


•98 


-67 

5708-45 
5709-56 

1-11 

5183-10 
5183-73 

-63 


-96 


-86 
Peirce'a  line 
5623-36     5454-84 
5624-70     5455-68 


1-34 

5138-78 
5r39-47 


-84 
F 
4860-74 
4861-43 


-69 


-69 


AngBtrdm 4702-44     4307*25 

Rowland 4703  11     4307*96 


Difference . 


-67 


•71 


The  greatest  variation  in  these  differences  is  evidentlv  due 
to  the  poor  definition  of  Angstrom's  grating  by  whicn  the 
numbers  refer  to  groups  of  lines  rather  than  to  single  ones. 
Selecting  the  best    figures,   we  find   that  Angstrom's  wave 

♦  Thaleiii  Sur  Spectre  du  Fer,  Soci^te  Royale  des  Sciences  d^Upsal,  September, 
1884,  p.  26.  t  From  one  grating  only. 
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lengths  must  be  multiplied  by  1'00016  to  agree  with  Bell, 
while  the  correctiou  for  Angstrom's  error  of  scale  would  be 
1000110. 

It  is  impossible  for  me  to  give  at  present  all  the  data  on 
which  my  determinations  rest,  but  I  have  given  in  Table  I 
many  of  the  coincidences  as  observed  with  several  gratings, 
the  number  of  single  readings  being  given  in  the  parenthesis 
over  each  set. 

Table  II  gives  the  wave  lengths  as  interpolated  by  the 
micrometer.  It  is  scarcely  possible  that  any  error  will  be 
found  (except  accidental  errors)  of  more  than  '02,  and  from  the 
agreement  of  the  observations,  I  scarcely  expect  to  make  any 
changes  in  the  final  table  of  more  than  -01,  except  in  the  ex- 
tremities of  the  spectrum,  where  it  may  amount  to  -03  in  the 
region  of  the  A  and  H  lines.  The  wave  lengths  of  weight 
greater  than  1  will  probably  be  found  more  exact  than  this. 
The  lines  can  be  identified  on  my  new  photograph  of  the  spec- 
trum down  to  5790.  Below  this  there  is  little  trouble  in  nnd- 
ing  the  right  ones.  All  maps  of  the  spectrum,  especially  above 
F,  are  so  imperfect  that  it  is  almost  impossible  to  identify  my 
lines  upon  them.  The  lines  can  only  be  properly  identified 
by  a  power  sufficient  to  clearly  divide  6,  and  h^.  Some  of  them 
are  double  and  most  of  these  have  been  marked,  but  as  the  table 
has  been  made  for  my  own  use,  I  have  not  been  very  careful 
to  examine  each  line.  This  will,  however,  be  finally  done. 
Micrometric  measures  have  now  been  made  of  nearly  all  the 
lines  below  6  with  a  view  of  making  a  map  of  this  region. 

Table  I  gives  the  coincidences  of  the  different  orders  of  the 
spectra  as  observed  with  several  concave  gratings  on  both  sides 
of  the  normal,  the  numbers  in  the  brackets  indicating  the  num- 
ber of  observations.  The  observations  have  been  reduced  as 
nearly  as  possible  to  what  I  consider  the  true  wave  length,  the 
small  diflFerence  from  the  numbers  given  in  table  II,  being  the 
variation  of  the  observations  from  the  mean  valua  The  true 
way  of  reducing  these  observations  would  be  to  form  a  linear 
equation  for  each  series  and  reduce  by  the  method  of  least 
squares.  A  simpler  way  was,  however,  used  and  the  relative 
wave  length  of  the  standard  lines,  marked  S  in  table  II,  was 
obtained ;  however,  some  other  observations  were  also  included. 

Table  II  gives  the  wave  lengths  reduced  to  Bell's  value  for 
the  absolute  wave  length  of  the  D  line.  These  were  obtained 
by  micrometric  measurement  from  the  standards  as  described 
before.  The  weights  are  given  in  the  first  column  and  some 
of  the  lines,  which  were  measured  double,  have  also  been 
marked.  But  the  series  has  not  yet  been  carefully  examined 
for  doubles. 

The  method  is  so  much  more  accurate  than  by  means  of 
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angalar  measurement  that  the  latter  has  little  or  no  weight  in 
comparison. 

This  table  is  to  be  used  in  connection  with  my  photographic 
map  of  the  normal  spectrum  to  determine  the  error  of  the  latter 
at  any  point.  The  map  was  made  by  placing  the  photograph 
in  contact  with  the  scale,  which  was  the  same  for  each  order  of 
spectrum,  and  enlarging  the  two  together.  In  this  way  the  map 
has  no  local  irregularities,  although  the  scale  may  be  displaced 
slightly  from  its  true  position,  and  may  be  a  little  too  long  or 
short,  although  as  far  as  I  have  tested  it,  it  seems  to  have  very 
little  error  of  the  latter  sort.  The  scale  was  meant  in  all  oases, 
except  the  ultra  violet,  to  apply  to  Peirce's  absolute  value  and 
so  the  correction  is  generally  negative,  as  follows : 

Approximate  correction  to  the  photographic  map  of  the  normal 
spectrum  to  reduce  to  latest  absolute  value. 

Strip  3200  to  3330 

"  3275  to  3530 

**  3475  to  3730 

"  3675  to  3930 

'<  3875  to  4130 

"  4075  to  4330 

"  4275  to  4530 

"  4480  to  4735 

"  4685  to  4940 

"  4875  to  6130 

"  5075  to  5330 

"  5215  to  5595 

"  5416  to  5795 

"  3710  to  3910 

"  3810  to  4000 

It  is  to  be  noted  that  the  third  spectrum  of  the  map  runs 
into  the  second,  so  that  it  must  not  be  used  beyond  wave 
length  3200,  as  it  is  mixed  with  the  second  in  that  region. 

Table  I. 

Coincidencea. 

(2)  (8)  6439-222  (4) 

7039-969  4691-516  4293*181  7240-868 

7027-658  4690-260  /gx  4824-243 

7023-676  6624-696  6439-222  4823-636 

6269-666  5624184  4293181  7234*854 

6270-448  (6)  7233-063 

ia\  4508-402  (^^  (6) 

7039-96H  4501-387  4824-240  ^,\U,, 

4222-336  6624-696  ^S:  5*?  6750-332 

702?-62?  ^624-181  ^84*701 

6270-429  4496*990  (4)  4691*517 

6269*647  4494*677  7247-599  7035  056 

4216*627  (18)  4824*249  6027*666 

7023^632  6430*993  4823*630  7015-64] 


1 

ii 

VU  . _  -    . 

-—•05 

1 

.—•02 

) 

.—•10 

1 

.-•16 

*-_---.-. 

cc 

.-•04 

1 

U 

.-•08 

n 

-—•10 

u 

.-•18 

ii 

.  —  •14 

it 

- 

.  —  •15 

a 

about.. 

-—•05 

cc 

about -- 

.  —  •04 

a 

.-•20 

C( 

.-•14 

Google 


of  the  lines  of  the  86la/r  Spectrum. 


187 


7016-266 

(4) 
4691-517 
7027-676 

(10) 
4501-377 
6759-308 

(8) 
4508-381 
4504-921 
4502-791 
6752-830 
4501-377 
6750-306 

(4) 
6013-682 
4508-407 
6003-173 
4501-377 
4496-982 
4494-652 

(10) 
4215  613 
6322-820 

(4) 
6562-960 
6664  341 
4376-062 

(4) 
4222-309 
4215-613 
6322-817 
6318-165 
6278-255 
6252-698 
6246-451 

(6) 
6562-960 
4376041 

(3) 
4691-517 
7023-706 

(2) 
4691-517 
7027-655 
(1)  Phot. 
5624-691 
3754-63 
374';  09 
(1)  Phot. 
5914-32 
3942-72 
(1)  Phot. 
5914-32 
3942-70 

(1)  Phot 
5890*12 
5896-10 
3926-12 


(4) 
6883-994 
4690061 
4588-306 

(2) 
4823-638 
4824-261 
7233-103 
7240-902 

'(2) 
6288-632 
6609-216 
6693*992 
6693*038 
6270-419 
5269-651 
6567-646 
6564-313 
4376-050 
5260-751 
5250-329 
6562-970 
6569353 
6546-393 
6495-119 
6493-931 
6462-760 
5162*492 
5159-171 
6439-215 
6430-984 
6421-513 
6420-090 
5133-806 
6411-776 
5110-506 
6109-754 
5068-878 
5060191 
5049-932 
6S22-833 
6318-150 
6265-256 
6261-221 

(1)  Phot 

6024-2 

6016-8 

5948-7 

3953-9 

3950-4 

5916-4 

5914-3 

3916-8 

5862-6 

5859-8 

3897-6 

5791-1 

5788-1 

^1)  Phot 
4789-7 
,  4789*4 


4788-8 

(4) 

4754-1 

4508307 

3564-6 

4501380 

3649-9 

6624-696 

4772-6 

6624*180 

3646-2 

4496*979 

3540-2 

4494-647 

4691*5 

(10) 

4690*3 

4508-396 

(14) 

6405-901 

5162*394 

4501-377 

6883-995 

6750-299 

(6) 
6594-016 

4496  977 

4494-660 

6593-072 

(15) 
4215-613 

5270  427 

5269  647 

6322-848 

6569-348 

(6) 
5896-091 
5890-1-24 
4703-112 
4691-617 

6562-970 
6250-325 
5250-752 
4376-032 

(4) 

4690-272 

6569-370 

4683-694 

4924-889 

(6) 
6791-124 
4824-255 
4823-632 
5788-064 

4924-045 
6562-965 
6546-409 
4903  419 
4859-866 

4361-428 

(4) 

6462-744 

5914-314 

4824-255 

5896-086 

4823-631 

6890-121 

(6) 
5914323 
5896084 

5862-514 

6859753 
5857-613 

6890-125 

(6) 

4691-517 

6564-330 

4690-266 

5270-430 

5862-522 

6269-647 

5859-751 

(8) 
50ti8-880 

4683-691 

(6) 

6335-486 

4376-039 

4222-330 

5269-632 

5064-779 

6270-420 

4216-613 

(4) 
4222-301 

5060-194 

6322-842 

4215  613 

6318168 

5270-435 

(4) 

5269-654 

7027-671 

(12) 
5914-314 

6624-696 

7036-107 

4222-325 

7039*980 

4924-889 

(6) 

4924-052 

4891-523 

4215-613 

5624*696 

5896-083 

6624*184 

6890-126 

4686*346 

4903-411 

4678-971 
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(4) 
5896*080 
4691-517 
5862-506 

() 
7039-975 
4691-532 


Wt. 

W.  L. 

3169-4 

3261-6 

3347-9 

3329-60 

3406  50 

3540-24 

3546-31 

364997 

3564-64 

374709 

3754-63 

3897-54 

3916-82 

3924-70 

3925-38 

3925-81 

3926-15 

3942  54 

3950-45 

3953-93 

3984-08 

3985  54 

3987  000 

4005-261 

4035-764 

2 

4048-821 

2 

4055-626 

2 

4073-837 

3d 

4083-748 

3 

4107-578 

3 

4114-530 

2 

4157-893 

2 

4184-992 

2 

4199190 

S 

4215'613 

S 

4222-323 

3 

4254-452 

1 

4267-974 

4 

4293-201 

2d 

4307  961* 

2 

4318-782 

Ad 

4325-924 

2 

4337-143 

2 

4343-304 

3(i 

4352-865 

2d(?) 

4359-715 

2 

4369-S87 

5624-696 
5624-198 
7027-657 
7023-686 

5270-431 
6322-825 


4508-417 
4501-398 

(24) 
6322825 
5270-431 


(16) 
4222-328 
5624*696 
6624-194 
4215-612 


Table  H. 

Wave  Lengths  of  Standard  Lines. 


*  Fraiinhofer's  G. 
§  Fraunhofer's  &$ 


W.L. 
4376039 
4391-089 
4407-797 
4447-848 
4494-667 
4496-984 
4499-022 
4499267 
4501-384 
4508  400 
4554-154 
4571-214 
4572-092 
4578-663 
4588-320 
4590-055 
4602107 
4611-376 
4629  445 
4630-218 
4643-580 
4668-230 
4678-970 
4683-683 
4686-344 
4690-262 
4691-520 
4703-110 
4703-910 
4727-565 
4754-159 
4805-186 
4823630 
4824-256 
4859-864 
4861 -428 1 
4890-885 
4;)00-039 
4900-237 
4903-409 
4907-869 
4910-111 
4920-632 
4924-050 
4924-887 
4934-181 
4973-294 

+  Fraunhofer's  F. 
I  Fraunhofer's  &«. 


Wt 

s 

2 
2 
2 

S 
Sd(?) 

1 
1 

s 
s 

2 
2 

2 

2 

4 

4 

2 

2 

2 

2      . 

2 

2 

S 

5 

S 

S 

s 

4 
2 
2 
2 
2 
S 

s 
s 
s 

2 
1 
I 

s 

1 

2 
3 

S 

s 

2 
4 


Wt 

W.L. 

4 

4978-712 

2 

4980292 

2 

4981-836 

2 

4994-251 

2 

4999-626 

2 

5005-838 

2 

6006-239 

3 

5007-370 

2 

5014-350 

3 

5020139 

2 

5036029 

3 

5049-944 

S 

5060-188 

S 

6064-773 

s 

5068-879 

2 

5083-460 

2 

5090-897 

2 

5097-071 

3 

5105-663 

4 

5109-760 

4 

6110-502 

2 

6115-495 

2 

5121-730 

2 

5126-309 

2 

5127-468 

4 

5133-812 

Sd 

5139-472 

2 

5141-845 

2d 

5142-986 

3 

6146-612 

3 

6150-957 

2 

6154-157 

2 

5155-864 

3 

5159-171 

6 

5162-486 

2 

51G5-518 

2(2 

5 1 07 -4  99 1 

2d 

5169-094§ 

3 

5171-714 

2 

5172-795| 

3 

5173-838 

3 

5183-735^ 

2d 

5188-892 

2 

5193-071 

2 

5198-819 

3 

6202-422 

2 

5204-646 

t  Fraunhofer's  &<. 

^  Fraunhofer's  6. 
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Wt 

W.L. 

Wt 

W.L. 

Wt 

W.L. 

4 

5210*492 

3 

6644073 

2 

6919*796 

2 

5216-277 

3 

5655036 

3 

6930-339 

2 

5217-488 

2 

6669-772 

2 

6934-809 

2 

6225-617 

1 

6576-222 

2 

6946130 

2 

6229-950 

2 

5582120 

4 

6948-686 

2 

6233047 

2 

5688-910 

2 

6961-710 

2 

5241-699 

2d 

6603-019 

2 

6955106 

S 

6260-334 

2 

6615-461 

2 

6956-863 

S 

5250-759 

2 

6615-809 

2 

6975-508 

2 

5253-558 

S 

6624-181 

3 

5976-934 

2 

5261-815 

S 

5624-696^ 

2 

5984*977 

S 

6269-649» 

2 

5641-695 

3 

6987-214 

S(2 

5270-429* 

2 

5646.751 

S 

6003-173 

2d 

5273-379 

2 

6655-646 

2 

6008-700 

2 

5276138 

3 

5658*019 

S 

6013-682 

2 

5281-908 

2 

5662-679 

4 

6016-776 

2 

5283-747 

2 

5675-593 

2d 

6020-278 

3 

6288-640 

2 

5679184 

2 

6021-948 

3 

5296-798 

4 

6682-894 

4 

6024-207 

2 

5300  843 

2 

5688-370 

4 

6042-241 

2 

5307  478 

2 

6701-708 

3 

6056-153 

3d 

5316-803t 

2 

5709-665 

6 

6065-636 

2 

6324-311 

2 

5709-700 

6 

6078-635 

2 

6333038 

3 

5715-244 

4 

6079-146 

3 

5353-630 

4 

5731-909 

3 

610'J-864 

2 

5361-752 

2 

5741-994 

1 

6103-346 

1 

5362  970 

3 

5752188 

2 

6108-262 

2 

5367  600 

3 

5753-278 

2 

6111-206 

2 

6370  093 

2 

5754-819 

2 

6116-345 

2 

5371-622 

3 

5763-153 

6 

6122-357 

2 

5379-704 

2 

5772-299 

2 

6136-760 

4 

5383-497 

3 

5776-236 

3 

6141-882 

2 

5389-611 

2 

5782  285 

4 

6162-319 

2 

5393-298 

2 

.  5784-016 

2 

6169-699 

2 

5397-268 

S 

5788-076 

2 

6173-477 

S 

5405-914 

S 

5791-137 

2 

6176-943 

2 

5415-341 

2 

5798-330 

2 

6180-337 

2 

5424-203 

2 

5809  367 

3 

6191-324 

2 

5434-656 

2 

5816-504 

4 

6191-695 

2 

5447046 

3 

5853-838 

5 

6200-455 

3(; 

5455-682 

4 

5857-606 

3 

6213-569 

2 

5462-666 

6 

5859-741 

4 

6219420 

2 

5463-090 

7 

5862-511 

4 

6230-876 

3 

5463-408 

2 

5883-971 

2 

6237-452 

3 

5466-521 

3 

5889-804 

3 

6246-460 

2 

5477-040 

S 

5890125  Da 

3 

6252706 

3 

5497-660 

3 

5893-026 

2 

6256-500 

2 

5501-609 

S 

5896080  D, 

3 

6261-234 

2 

6506-920 

2 

6898-327 

5 

6266-271 

2 

5513122 

2 

6901-630 

6 

6270-370 

3 

5528-560 

3 

5905-820 

5 

6278-225 

2 

5634-990 

Sd 

5914-319 

4 

6281-316 

2 

6643  339 

3 

5916-409 

1 

6289-542 

♦  FrauDhofer's  B.  t  Kirchbors  1474. 

X  Peirce's  standard,  given  by  him  5624826  (Amer.  Jour,  of  Science)  later  cor- 
rected by  him  to  5624-86  and  finally  corrected  by  Rowland  &  Bell  for  error  of 
ruling  of  grating  and  of  standard  to  5624-66.  The  latter  can  be  considered  as 
very  near  to  what  the  final  corrected  value  of  Peiroe  will  be,  though  it  may  be 
even  so  high  as  5624*76. 
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wt. 

W.  L. 

Wt. 

W.L. 

Wt 

W.L. 

2 

6293077 

4 

6722-005 

7090-612 

2 

6296066 

3 

6726-835 

7122-431 

2 

6314-798 

S 

6760-325 

7147-893 

S 

6318-160 

4 

6762-876 

7148-276 

S 

6322-830 

5 

6767-946 

7168134 

8 

6335-479 

5 

6772-479 

7176-279 

8 

6336-968 

2 

6787061 

7184-401 

2 

6344-297 

2 

6807007 

7184-705 

6 

6365-184 

4 

6810-432 

7186-470 

4 

6358-834 

4 

6828-770 

7194-805 

2 

6380-889 

2 

6841618 

7199-689 

5 

6393-751 

3 

6855  348 

7200-673 

2 

6400-453 

3 

6867.382f 

7216-693 

5 

6408  163 

3 

6867-717 

7219-282 

6 

6411-793 

2 

6870123 

7223-830 

4 

6420103 

4 

6875-742 

7227-686 

7 

6421-498 

2 

6876-879 

7232419 

6 

6430-993 

2 

6877-797 

S 

7233092 

5 

6439-224 

6 

6879-212 

s 

7234  868 

2 

6449-951 

6 

6880-102 

s 

7240-879 

Id 

6462-762 

10 

6883-992t 

2 

7243-800 

2 

^6471-806 

6 

6885-925 

s 

7247-590 

2 

6480-198 

6 

6886-898 

1 

7264-770 

4 

6482  031 

1 

6896-211 

1 

7265-760 

5 

6493-921 

2 

6897  103 

2 

7473133 

6 

6495-127 

2 

6901-032 

1 

7287-590 

4 

6499-896 

2 

6909-597 

1 

7289-844 

2 

651 6-2  .:6 

4 

6919-160 

1 

7290-621 

3 

6518-514 

1 

6923*488 

2 

7299-993 

4 

6532-496 

4 

6924-340 

2 

7304-382 

4 

6534090 

2d 

6929-687 

2 

7318-678 

5 

6546-400 

4 

6947-685 

I 

7331-101 

2 

6552-758 

4 

6956-609 

2 

7335.532 

S 

6562-965* 

4 

6959-634 

1 

7442-574 

S 

6564-338 

6 

6961-437 

2 

7445.941 

7 

6569  360 

2 

6978-586 

2 

7495.248 

2 

6572-245 

6 

6986-7n5 

1 

7511.188 

2(; 

6575-090 

2 

6989-172 

2 

7645-817 

2 

6592-726 

3 

6999-104 

2 

7593-975S 

6 

6593068 

2 

7006-069 

2 

7621-1831 

8 

6594-016 

2 

7011-481 

2 

7623-425 

5 

6609-263 

3 

7015-253 

2 

7624-737 

2 

6633  898 

3 

7015-639 

7627-259 

6 

6643-787 

4 

7016616 

7628-605 

2 

6663-601 

S 

7023-675 

7669-550 

6 

6678141 

S 

7027-659 

7660679 

6 

6703-719 

S 

7035-083 

\d 

7665-683 

6 

6705-262 

2 

7038-398 

Id 

7671.412 

4 

6717-833 

S 

7039-968 

♦  Fraunhofer's  C. 

+  First  line  in  what  may  be  called  ihc  head  of  Fraunhofor's  B. 

I  Single  line  between  what  may  be  called  the  head  and  tail  of  B. 

g  Edge  of  what  may  be  called  the  head  of  A. 

I  Single  line  between  the  head  and  tail  ot  A. 
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Art.   XXJI.—The  Noritea  of  the    **  OorOandt  Series''  on   the 
Hudson  River  near  PeekskUl,  N.  Y. ;  by  G.  H.  Williams. 

[Continued  fVom  page  144.] 
3.  Mica  Nbrtte. 

The  purest  types  of  this  rock  are  to  be  found  io  the  eastern 
part  of  Oortlandt  Township,  along  the  road  leading  from  Mon- 
trose Station  (Manger's  Corners)  to  Montrose  Point  on  the  river. 
Nos.  40,  41,  49,  51  and  52  and  a  slide  marked  Mt  9  in  Prof. 
Dana's  collection  were  obtained  along  the  section  described  in 
detail  in  Prof.  Dana's  paper  and  adduced  by  him  as  evidence  of 
the  metamorphic  origin  of  the  rocks  from  sedimentary  deposits.* 
The  microscopic  study  of  these  slides  is  therefore  important 
with  reference  to  the  light  which  it  may  throw  upon  this  ques- 
tion. 

This  section,  which  occurs  just  at  the  residence  of  Mr.  Butler 
(1883),  has  been  called  by  the  writer  the  **  Butler  Section  " 
(see  above).  Professor  Dana  gives  a  profile  of  it  and  says  (p. 
218) :  **  li  consists  mainly  of  noryte  and  augite-noryte^  but  with 
sonie  homhlendyte  and  noryte-gneiss  and  has  distinct  planes  of  bed- 
ding in  several  places^  all  of  which  are  conformable  to  one  another, 
•.  .  .  .  This  ledge,  although  made  up  of  massive  noryte  and 
augite- noryte,  bears  thus  positive  evidence  of  its  having  once 
had  bedding  throughout,  and  affords  thereby  a  demonstration 
that  its  noryte  is  of  metamorphic  origin  and  that  the  associated 
beds  comprised  also  the  limestone  of  the  region."f 

The  specimens  41  {c\  47  {g\  49  (e),  51  (c)$  and  52  are  identi- 
cal in  structure  and  composition,  except  in  so  far  as  they  con- 
tain different  proportions  of  biotite.  They  consist  of  aggre- 
gates of  magnetite,  hypersthene  and  biotite  which  are  curiously 
Dent  and  twisted  around  larger  areas  of  feldspar,  so  as  to  form 
a  pronounced  "  microflaser  "  structure.  The  feldspar  too  shows 
to  a  remarkable  degree  both  mechanical  and  optical  deforma- 
tion. Its  crystals  are  bent  or  broken;  secondary  twinning 
lamellae  have  been  abundantly  produced  by  strain,  and  the 
extinction  is  very  uneven.  Moreover  portions  of  the  areas  are 
frequently  seen  to  be  broken  up  into  the  peculiar  mosaic  which 
both  Lehmann§  and  Lossenf  have  shown  to  be  a  characteristic 
result  of  pressure.  Then  again  garnet,  a  mineral  well  known 
to  be  the  product  of  dislocation  metamorphism  in  rocks,  is  here 
abundant  in  some  of  the  most  schistose  bands,  notably  Nos. 
51  and  52. 

*  This  Journal,  September,  1880,  xx,  p.  218. 

!The  italics  are  those  of  Professor  Dana. 
These  letters  in  parentheses  are  those  used  by  Professor  Dana  to  designate 
particular  beds  in  his  section. 

fUeber  die  Bntstehung  der  altkrystallinen  Schiefergesteine.    Bonn,  1884. 
Jahrbuch  der  kon.  preuss.  geolog.  Landesaustalt  fur  1883.     Berlin,  1884. 
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The  writer  has  already  descri'bed  another  rock  from  this  sec- 
tion* (a  peridotite.  No.  54),  occurring  in  the  bed  marked  by 
Professor  Dana  "  a,"  as  showing  in  a  marked  degree  the  effects 
of  pressure,  while  No.  48,  from  his  band  "/"  is  still  more  re- 
markable in  this  respect.  This  rock  was  once  a  gabbro,  like 
that  to  be  described  in  the  sequel  as  occurring  at  Hunger's 
Corners  (No.  42).  At  present  it  is  highly  altered  both  struc- 
turally and  mineralogically.  The  diallage  is  largely  changed 
to  hornblende  and  is  drawn  out  into  long  lenticular  patches. 
The  feldspar  is  mostly  broken  up  into  a  mosaic  which  bends 
around  the  pyroxene,  producing  a  fine  gneissic  structure.  In 
fact  this  rock  is  almost  identical  with  some  of  ihe  more  altered 
**  Flaser  gabbros  *'  of  Saxony,  which  Professor  Lehmannf  has 
so  conclusively  shown  to  have  resulted  from  the  action  of  pres* 
sure  upon  massive  rocks. 

The  hornblende  norites  (Noa  50a  and  506)  from  this  sec- 
tion mentioned  above  are  wholly  massive  and  show  no  internal 
evidence  of  having  been  subjected  to  pressure. 

A  careful  study  of  the  rocks  of  this  interesting  section,  both 
in  the  field  and  with  the  microscope,  has  convinced  the  writer 
that  they  offer  an  unusually  plain  and  instructive  instance  of 
the  metamorphism  of  eruptive  rocks  by  pressure.  The  evidence  of 
bedding^  seen  in  the  cleavage  and  parallel  arrangement  of  the  • 
constituents,  instead  of  being  an  indication  of  original  sedimen- 
tation^ is  a  secondary  feature.  The  action  of  the  pressure  was 
here  so  slight  that  original  structure  is  not  wholly  changed,  as 
is  more  usually  the  case ;  but  the  alteration  has  only  taken 
place  along  certain  planes  which  allow  the  tracing  of  transitions 
into  the  original,  unaltered  and  still  prevailing  form  of  the 
rock. 

No.  6a  from  near  Cruger's  Station,  is  a  remarkable  variety 
of  mica-norite,  in  which  the  hypersthene  is  segregated  into 
irregular  patches.  Outside  of  these  the  rock  is  a  typical  mica- 
dioriie  composed  of  plagioclase,  biotite,  magnetite  and  apatite, 
together  with  a  considerable  amount  of  garnet  which  is  a  sec- 
ondary crystallization.  Within  the  segregated  areas  the  space 
is  almost  wholly  occupied  by  hypersthene,  which  exhibits  in  a  * 
striking  manner  its  alteration  to  secondary  fibrous  hornblende. 


4.  Augite  Norite  or  Hyperite, 

Professor  Dana  has  communicated  the  following  analyses,  by 
Mr.  M.  D.  Munn,  of  a  specimen  of  augite- bearing  norite  from 
the  northern  part  of  Montrose  Point  on  the  Hudson  River.$ 

*  This  Journal,  Jan.,  1886,  xxxi,  p.  39.  f  ^-  c.,  p.  190. 

X  This  Journal,  Aug.,  1881,  xxxii,  p.  104. 
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I, 

II. 
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16-37 
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MnO  ;.... 
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0-40 

MgO 
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CaO 
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4-08 

4  06 

2-05 

2-00 

2-03 

H,0 

0-68 

0-58 

0-68 

2           -.--.- 

99-55  99-73  99*65 

Professor  Dana  describes  this  rock  as  an  augite-norite  eon- 
tainiDg  about  equal  proportions  of  bypersthene  and  augite.  A 
thin  section  in  his  collection  marked  (Mt  20)  the  writer  supposes 
to  be  the  one  alluded  to  in  his  description  as  it  is  the  only  one  from 
this  locality.  This  is,  however,  almost  a  typical  norite  with  a 
large  proportion  of  the  usual  reddish-brown  feldspar,  very 
typical  hvpersthene,  and  only  occasional  individuals  of  a  green 
fibrous  ^iallage  and  dark  brown  biotite.  The  percentage  of 
lime  in  the  analysis,  after  deducting  what  is  necessary  for  the 
feldspar  also  indicates  but  a  small  proportion  of  augite.  This 
section  also  shows  considerable  unstriated  feldspar,  which,  from 
the  analogy  of  No.  48  and  the  percentage  of  potash  found  in 
the  analysis,  may  safely  be  assigned  to  orthoclase.  A  study  of 
this  section  indicates  that  this  analysis  is  very  representative  of 
the  average  norite  of  the  Cortlandt  Series. 

A  more  typical  augite-norite  or  hyperite  is  to  be  found  in 
specimen  No.  69,  of  the  Johns  Hopkins  University  collection, 
which  was  collected  from  the  same  locality  as  the  above.  Here 
the  proportion  of  both  augite  and  biotite  is  considerably  greater 
than  in  Professor  Dana's  section.  This  slide  is  especially  inter- 
esting from  the  fact  that  it  exhibits,  in  both  the  hypersthene 
and  augite,  inclusions  which  the  writer  would  without  hesita- 
tion consider  as  secondary  and  identical  as  those  in  the  Scot- 
tish rocks  which  Professor  Judd  rightly  ascribes  to  schilleriza- 
tion.  Side  by  side  with  these,  however,  are  other  inclusions  in 
the  feldspar  which,  like  those  above  described,  are  original. 

No.  105  in  the  University  collection  from  the  road  from 
Centerville  to  Verplanck,  and  a  section,  marked  J,  in  Professor 
Dana's  collection  from  Craig*s  place,  one  mile  S.E.  of  Peekskill 
are  also  admirable  examples  of  the  augite-norite.  Both  con- 
tain nearly  as  much  augite  as  hypersthene.  The  former  min- 
eral is  distinguished  from  the  latter  by  its  green  color,  the 
entire  absence  of  pleochroism,  its  highly  inclined  extinction- 
angle,  the  frequency  with  which  it  forms  twins,  and  its  com- 
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parative  freedom  from  inclusion^.  These  are  not  altogether 
wanting,  but  consist  almost  wholly  of  small  plates  of  biotite  or 
grains  oif  magnetite,  presenting,  both  in  their  number  and  irreg- 
ular arrangement,  a  contrast  to  the  characteristic  red  plates  of 
the  hypersthene.  Both  of  these  slides  contain  considerable 
biotite  in  addition  to  the  augite.  This  mineral,  as  well  as  the 
feldspar,  exhibits  in  a  beautiful  manner  the  effects  of  pressure. 

5.  Pyroxenite. 

Yery  interesting  and  comparatively  coarse-grained  rocks 
composed  wholly  of  hypersthene  and  diallage  or  augite  may  be 
regarded  as  a  modification  of  the  type  last  described,  due  to  the 
disappearance  -  of  the  feldspar.  They  are  quite  abundant  in 
the  eastern  part  of  the  township  near  the  emery  mines  and  are 
represented  by  Nos.  127,  129,  131  and  132  in  the  Johns  Hop- 
kins University  collection.  Such  rocks  also  occur  on  the 
northern  half  of  Montrose  Point,  but  here  they  carry  more  or 
less  brown  hornblende  and  are  intimately  related  to  the  horn- 
blendites  which  are  the  prevailing  rock  in  that  locality  and 
which  will  be  described  later. 

Diallage-hypersthene  aggregates  have  recently  been  found  by 
the  writer,  associated  with  the  hypersthene  gabbros  of  Balti- 
more and  Harford  Counties,  Md.,  which  are  quite  analogous  to 
those  occurring  in  the  Cortlandt  Series.* 

T?ie  Iron  ore  and  Emery  in  the  Cortlandt  Norite. 

The  deposits. of  magnetic  iron  ore  and  emery  mentioned  in 
Professor  Dana's  paperf  as  occurring  in  the  massive  rocks  of 
the  Cortlandt  Series,  although  of  but  little  practical  import- 
ance, possess  considerable  scientific  interest.  The  veins,  which 
appear  to  be  s^regations  in  the  norite,  have  been  opened  north 
and  northeast  of  Cruger's  Station  only  for  iron  ore,  while  quite 
similar  deposits  in  tne  southeastern  part  of  the  township,  are 
still  worked  to  some  extent  for  emery .:|:  The  ore  is  heavy  and 
black,  but  does  not  turn  out  as  rich  as  would  be  expected  from 
its  appearance.  A  microscopic  examination  of  it  shows  that  it 
is  largely  composed  of  a  dark  green  mineral  in  which  octahe- 
dral crystals  of  magnetite  are  imbedded.  Professpr  Dana  con- 
sidered this  mineral  to  be  chlorite,  but  a  more  careful  examina- 
tion shows  it  to  be  the  iron-magnesian  spinel,  pleonaste.  The 
action  of  chlorite  upon  polarized  light,  as  is  well  known,  is  ex- 
tremely feeble  and  so  it  was  not  unnatural  to  mistake  for  it 

*  Bulletin  of  the  U.  S.  GeoL  Surv.,  No.  28,  p.  56. 

+  Thi8  Journal,  September,  1880,  xx,  p.  199-200. 

I  The  emery  mill  at  Peekskill  owes  its  origin  to  the  discovery  of  these  deposits, 
almough  at  present  it  procures  its  raw  material  ahnost  exclusively  from  Asia 
Minor. 
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an  isotropic  mineral,  like  spinel.  In  the  massive  ore  this  min- 
eral forms  an  aggregate  of  interlocking  grains,  but  in  the- 
adjoining  rock  it  is  disseminated  in  small  octahedral  crystals  as 
in  section  No.  6a  described  above.  It  was  isolated  from  a 
specimen  of  iron  ore  collected  near  Cruger's  Station  and  ana- 
lyzed by  Mr.  "W.  S.  Bayley.* 

In  the  eastern  and  southeastern  parts  of  the  norite  region  sim- 
ilar deposits  of  pleonaste  occur  in  great  number,  and  frequently 
contain  more  or  less  corundum  and  fibrolite. 

The  Westchester  Co.  pleonaste  is  remarkable  for  its  small 
proportion  of  magnesia.  The  eight  analyses  of  this  mineral 
given  in  Dana's  System  of  Mineralogy  (p.  148)  have  from  18 
to  26  per  cent  MgO.  The  specimen  which  comes  nearest  in 
comfH)sition  to  the  Cortland t  mineral  is  one  from  Tunaberg  in 
Sweden,  in  which  Erdmann  found  Al,0,  62*95,  FeO  23-46, 
MgO  13*03.f  Still  even  here  the  amount  of  magnesia  is  con- 
siderably greater  than  in  the  mineral  analyzed  by  Mr.  Bay  ley. 
In  this  respect  theCortlandt  pleonaste  approaches  the  pure  iron 
spinel  (FeO,Al30,)  which  Zippe,  in  1839,  named  Hercynite.;]: 
This  was  analyzed  in  1846  by  B.  Quadrat,  who  found  that  it 
contained 

A1,0,  61-17,  PeO  35-67,  MgO  2-92.§ 

This  mineral  occurs  in  black  masses  near  the  villages  of 
Natschetin  and  Hoslau,  nor  far  distant  from  the  town  of  Rons- 
perg,  at  the  eastern  edge  of  the  Bohemian  Forest.  (Lat.  ^'Silvia 
jBlprcynta,"  Pliny,  whence  Zippers  name).  Quadrat  states  that 
it  is  only  found  in  loose  blocks  in  the  soil,  but  von  Hochstetter 
says  that  it  occurs  in  position,  as  **a  member  of  the  Archaean 
Series,  between  amphibolite  and  amphiboleschist.*'||  The 
Bohemian  hercynite  was  first  microscopically  studied  by  H. 
Fischer,  who  discovered  in  the  spinel  aggregate  what  he  con- 
sidered to  be  magnetite,  quartz  and  hematite.'T  E.  Kalkowsky, 
subsequently  showed  the  supposed  quartz  to  be  corundum,  and 
the  hematite,  iron-hydroxide.**  Certain  very  thin,  dark  gray 
plates  which  are  frequently  interpolated  in  the  hercynite  are 
referred  by  Kalkowsky  to  ilraenite.  A  microscopic  section  of 
the  Ronsperg  hercynite  in  the  possession  of  the  writer,  contains 

*  The  exact  results  of  this  analysis  were  unfortunately  lost,  but  it  is  definitely 
remembered  that  the  mineral  was  found  to  contain  only  alumina,  ferrous  iron  and 
magnesia ;  and  that  the  latter  constituted  slightly  over  9  per  cent  of  the  whole. 

+  Ak.  H.  Stockh.,  1848. 

I  Verb,  der  Gesellsch.  des  Vaterland.  Museums,  1839. 

I  Annalen  der  Ch.  und  Ph.,  Iv,  p.  357.     1845.    s 

I  Greog,  Studien  aus  dem  Bohmerwald.  Jahrbuch  der  k.k.  geologischen  Reichs- 
anstalt,  1856,  p.  785. 

^  Kritisch  micromineralogische  Studien,  Freiburg,  1869,  p.  18,  II.  Fortsetzung, 
1873,  p.  88. 

**Zeitschrift  der  deutschen  geologischen  Gesellschaft,  1881,  p.  536. 
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magnetite,  limonite,  ilmenite,  considerable  light  browu  biotite 
and  a  colorless  mineral  which  may  once  have  been  conindam, 
but  which  now  shows  only  a  very  fine  aggregate  polarization. 

The  Cortlandt  ore,  when  examined  under  the  microscope, 
exactly  resembles  the  Bohemian  hercynite.  In  the  purest  spec- 
imens, there  is  only  the  aggregate  of  bright  green  grains 
mixed  with  more  or  less  magnetite.  These  grains  are  always 
of  a  much  lighter  color  in  contact  with  the  magnetite.  They 
contain  no  ilmenite  plates,  like  the  Bohemian  mineral,  but  are 
full  of  irregular  shreds  and  dots  of  magnetite.  (Nos.  134,  143 
and  144  from  the  eastern  part  of  the  township.)  Other  speci- 
mens (No.  133  from  Wm.  Haight's  farm  and  I  of  Prot  Dana's 
collection,  from  1  mile  northeast  of  Colabaugh  Pond)  contain 
more  or  less  corundum  scattered  through  them.*  Sometimes 
this  mineral  is  associated  with  fibrolite;  and,  in  the  section 
of  Prof.  Dana's  collection  marked  Cb4,  from  the  Iron  Mine 
south  of  the  road  south  of  Summer  Hill,  only  fibrolite  occurs 
with  the  pleonaste.  This  is  interesting  in  connection  with  the 
intimate  aissociation  discovered  by  Kalkowskv  between  the 
hercynite  and  fibrolite  in  the  Saxon  granulites.f 

The  spinel  at  the  Cruger  iron  mines  is  quite  like  that  in  the 
eastern  part  of  the  township  except  that  it  is  less  pure.  It 
occurs  as  veins  in  a  typical  noriteinto  which  it  passes  by  grad- 
ual transitions.  Even  the  most  compact  specimens  of  the  ore 
contain  the  norite  minerals,  hypersthene,  feldspar,  biotite,  and 
garnet,  mixed  with  it  in  greater  or  less  quantity.  At  this 
locality  no  corundum  or  sillimanite  was  observed. 

Quadrat  remarked  in  1846  that  on  account  of  its  great  hard- 
ness (7*5-8),  the  Ronsperg  hercynite  was  employed,  in  the 
region  near  where  it  was  found,  as  an  abrasive  agent.$  The 
admixture  of  true  corundum,  of  course,  very  much  increases  its 
value  for  such  purposes,  and  it  is  this  which  accounts  for  the 
opening  of  numerous  emery  mines  in  the  eastern  portion  of 
Cortlandt  township. 

According  to  the  late  Dr.  J.  Lawrence  Smith,  large  deposits 
of  corundum  or  true  emery  occur  either  associated  with  mag- 
netite on  ther  contact  between  crystalline  limestone  and  mica- 
schist  (as  in  Asia  Minor)  or  in  connection  with  serpentine  (as 
in  North  Carolina).§  Its  association  with  spinel  in  massive 
rocks,  where  it  is  probably  a  product  of  contact  metamorphism 

*  The  writer  is  under  obligations  to  Professor  A.  H.  Chester  of  Hamilton  Col- 
lege for  several  interesting  specimens  of  corundum  altered  to  hercynite.  They 
came  from  India  and  have  been  described  by  Grenth,  Proc.  Am.  Phil.  Soc.  Phila- 
delphia, Sept.,  1873. 

\  Zeitschrift  der  deutschen  geologischen  Gesellschaft,  1881,  p.  537. 

iLa,  p.  357. 

g  Memoir  on  Emery,  this  Journal,  1850,  p.  354.  Annales  des  Mines,  1850,  p. 
259.     Original  Researches,  1884,  p.  76. 
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like  the  fibrolite,  is  exceptional,  but  by  no  means  unprece- 
dented, as  may  be  seen  from  -the  above  description  of  the  Kons- 
sperg  hercynite.  In  the  Cortlandt  deposits  the  distribution  of 
the  corunaura  is  so  irregular  as  to  seriously  interfere  with  its 
practical  value.  Specimens  in  which  it  is  comparatively  abund- 
ant are  not  to  be  distinguished,  except  under  the  microscope, 
from  those  which  are  entirely  free  from  it.  How  far  this  is 
true  may  be  judged  from  the  fact  that  the  purest  specimens  of 
pleonaste  which  the  writer  obtained  anywhere  in  Cortlandt 
township  were  taken  from  the  pile  of  **  emery  ore  "  in  the  yard 
of  the  Peekskill  emery  mill.  This  so  reduces  the  grade  of  the 
Cortland  product  as  to  practically  rule  it  out  of  the  market. 

The  following  seven  analyses  of  the  Cortlandt  ore  were  made 
in  1880,  for  the  New  York  Emery  Co.,  of  Peekskill,  by  Prof. 
Th.  Egleston  of  the  Columbia  College  School  of  Minea  They 
are  here  published  for  the  first  time  with  the  permission  of 
their  author. 
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If  from  these  analyses  all  the  components  except  the  alum- 
ina, magnesia  and  iron  be  deducted,  and  if  these  be  calculated 
in  proportions  of  100  after  the  ferric  iron  has  been  reduced  to 
its  equivalent  per  cent  of  ferrous  iron,  we  shall  have : 
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A  glance  at  these  analyses  is  sufficient  to  show  that  a  very 
large  proportion,  if  not  all,  of  the  samples  consisted  of  pleo- 
naste. Still,  the  microscope  discloses  the  presence  of  true 
corundum  in  many  specimens,  although  its  amount  is  very 
variable. 
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Section  H  of  Prof.  Dana's  collection  from  1  mile  northeast  of 
Colabaugb  Pond,  consists  of  magnetite  and  pleonaste  mixed 
with  about  an  equal  quantity  of  colorless  corundum.  This  is 
in  good  sized  grains  (i-i°°*  in  diameter)  with  a  high  refractive 
index  and  often  shows  a  sharp  hexagonal  section.  These  ex- 
hibit between  crossed  nicols,  very  brilliant  interference  colors. 
Frequently,  however,  they  appear  to  be  somewhat  altered  and 
then  exhibit  a  gray  tone  with  aggregate  polarization.  These 
corundum  crystals  contain  inclusions  in  great  quantity.  These 
appear  to  be  either  magnetite  in  small  rods  or  dots  or  reddish 
translucent  plates  of  iron  oxide.  They  are  always  massed  to- 
gether in  the  center  of  the  crystal,  frequently  in  such  abund- 
ance as  to  render  this  portion  quite  opaqua 

No.  126,  from  near  Travers*  farm  in  the  eastern  part  of 
Cortlandt  township,  is  quite  like  the  preceding,  except  tnat  the 
corundum  is  much  more  abundant  and  present  in  individuals 
of  much  smaller  size  (4^°^  in  diameter.)  The  distribution  of 
the  inclusions  is  quite  like  that  in  the  specimen  last  described. 

In  some  of  the  sections,  the  corundum  is  seen  to  have  a  deep 
blue  color,  and  then  to  exhibit  its  characteristic  dichroism. 
This  is  most  notably  the  case  in  specimens  taken  from  the 
Lombard  mine,  just  north  of  Colabaugh  Pond.  This  locality 
is  represented  by  Nos.  136  and  137  of  the  University  collection 
tfnd  by  section  A,  belonging  to  Prof.  Dana.  These  are  seen  un- 
der the  microscope  to  be  composed  of  an  aggregation  of  the  three 
minerals,  fibrolite,  corundum  and  magnetite.  The  first  is  pres- 
ent in  long,  colorless  needles,  showing  the  characteristic  cleav- 
age, transverse  parting,  parallel  extinction,  and  brilliant  inter- 
ference colors  or  this  species.  They  have  their  longest  axes 
approximately  parallel  thus  producing  a  somewhat  schistose 
structure.  The  corundum  is  present  in  rather  stout  crystals, 
with  a  sharp  hexagonal  outline  in  cross-section.  Such  sections 
have  in  every  position  a  uniform  deep  blue  color,  while  those 
nearly  parallel  to  the  vertical  axis  have  this  color  when  their 
lateral  axis  is  parallel  to  the  principal  section  of  the  polarizer 
and  a  light  greenish  yellow  tinge  when  brought  into  a  position 
at  right  angles  to  this.     The  pleochroism  is  therefore: 

j  Esslight  greenish  yellow 
"j  0=dark  blue 

and  the  absorption  0>E.  The  hexagonal  sections,  when  ex- 
amined in  converged  polarized  light,  show  a  uniaxial  inter- 
ference figure  and  negative  double  refraction.  All  of  these 
characters  agree  fully  with  corundum ;  and  the  examinations, 
for  comparison,  of  sections  of  typical  emery,  from  Samos, 
Naxos,  bmyrna  and  Gumuch-dagh  in  Asia  Minor  and  from 
Chester,  Mass.,  leaves  little  doubt  of  the  identity  of  these  with 
the  Cortlandt  mineral. 
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The  resalts  of  the  optical  examination  are  fully  in  accord 
with  a  series  of  chemical  tests  which  Dr.  G.  Pigot,  assistant  in 
the  Chemical  Laboratory  of  the  Johns  Hopkins  University, 
kindly  made  for  me.  The  powder  of  the  mineral,  which  had 
been  separated  from  the  fibrolite  by  the  borotungstate  of 
cadmiam  solution  and  from  the  magnetite  by  boiling  it  in  hy- 
drochloric acid,  was  found  not  to  be  attacked  by  any  acids. 
It  is  very  difficultly  fusible  with  sodium  carbonate  but  fuses 
readily  with  acid  potassium  sulphate  or  acid  sodium  sulphate. 
In  the  solution  thus  obtained  the  presence  of  nothing  except 
alamina  and  iron  could  be  detected.  The  only  unusual  prop- 
erty of  this  corundum  is  a  lower  specific  gravity  than  was  ex- 
pected. This  is  probably  due  to  incipient  alteration,  which 
can  be  easily  seen  under  the  microscope,  and  is  another  cause 
that  would  tend  to  materially  diminish  the  value  of  the  West- 
chester Co.  emery. 

In  a  succeedinff  paper  the  writer  hopes  to  describe  the  remain- 
ing members  of  the  Cortlandt  Series  (gabbros  and  diorites)  and 
to  point  out  the  metamorphosing  effect  which  the  massive  rocks 
have  exercised  upon  the  surrounding  schists  and  limestones, 
as  well  as  other  proofs  of  their  undoubted  eruptive  character. 

Petrog^phical  Laboratory  of  the  Johns  Hopkins  Universityf 
Baltimore,  December,  1886. 


Akt.  XXIII. — Natural  solutions  of  Cinnabar,    Gold  and  asso- 
ciated sulphides ;  by  George  F.  Becker. 

In  the  course  of  investigations  on  the  geology  of  the  quicksil- 
ver deposits  of  the  Pacific  slope  I  have  taken  up  the  question  of 
the  state  of  combination  in  which  quicksilver  is  dissolved  in 
natural  waters.  Pyrite  or  marcasite  almost  invariably  accom- 
panies cinnabar,  gold  is  known  to  be  associated  with  cinnabar 
in  a  considerable  number  of  cases,  copper  sulphides  or  sulpho- 
salts  are  also  not  infrequent  in  quicksilver  mines,  and  sulphides 
of  at^enic  and  antimony  are  known  to  occur  in  a  similar  associa- 
tion. Zincblende  too  has  been  found  with  cinnabar.  The  solu- 
bility of  these  substances  has  been  incidentally  examined.  In 
nerforming  the  experiments  I  had  the  assistance  of  Dr.  W.  H. 
Melville,  who  also  made  all  the  quantitative  analyses  involved. 
The  results  obtained  seem  interesting  enough  to  justify  their  pub- 
lication, in  an  abbreviated  form,  in  advance  of  the  monograph 
of  which  they  will  form  a  part  They  also  possess  some  value 
from  a  purely  chemical  point  of  view,  and  may  interest  readers 
of  this  Journal  who  are  not  geologists. 

Am.  Jour.  Sol— Third  Series,  Vol.  XXXTTT,  No.  195.— March,  1887. 
18 


Digitized  by 


Google 


200       G,  F,  Becker — Solutions  of  Cinnaba/r^  Qold^  etc. 

The  waters  of  Steamboat  Springs  are  now  depositing  gold, 
probably  in  the  nietallic  state ;  sulphides  of  arsenic,  antimony 
and  mercury;  sulphides  or  sulpho-salts  of  silver,  lead,  copper 
and  zinc;  iron  oxide  and  possibly  also  iron  sulphides;  manga- 
nese, nickel  and  cobalt  compounds,  with  a  variety  of  earthy 
minerals.  The  sulphides  which  are  most  abundant  in  the 
deposits  are  found  in  solution  in  the  water  itself,  while  the 
remaining  metallic  compounds  occur  in  deposits  from  springs 
now  active,  or  which  have  been  actiye  within  a  few  years. 
These  springs  are  thus  actually  adding  to  the  ore  deposit  of  the 
locality,  which  has  been  worked  for  quicksilver  in  former  years 
and  would  again  be  exploited  were  the  price  of  this  metal  to 
return  to  the  figure  at  which  it  stood  a  few  years  since.  At  Sul- 
phur Bank  also  there  is  reason  to  suppose  that  ore  deposition  is 
still  in  progress,  though  the  opportunities  for  determining  this 
point  are  greatly  inferior  to  those  presented  at  Steamboat 
Springs.  The  waters  of  the  two  localities  are  closely  analogous. 
Both  contain  sodium  carbonate,  sodium  chloride,  sulphur  in  one 
or  more  forms  and  borax  as  principal  constituents,  and  both  are 
extremely  hot,  those  at  Steamboat  Springs  in  some  cases  reach* 
ing  the  boiling  point.  In  attempting  to  determine  in  what 
forms  the  ores  enumerated  can  be  held  in  solution  in  such 
waters,  it  is  manifestly  expedient  to  begin  by  studying  the  sim- 
plest possible  solutions  of  the  sulphides  and  particularly  of 
cinnabar.* 

Soliibiliiy  of  HgS  in  mixtures  of  Na*S  and  NaOH. — A  series  of 
experiments  were  made  in  my  laboratory  with  a  view  of  testing 

♦  Previous  investigoMon. — The  solubility  of  mercuric  sulphide  in  alkaline  com- 
poundB  containing  sulphur  has  long  been  recognized  by  experimental  and  indus- 
trial chemists.  This  fact  is  ihe  foundation  of  the  methods  of  preparation  of 
vermilion  in  the  wet  way,  first  described  by  G.  S.  0.  Kirchoff  in  1 799  (Scheerer's 
Allgem.  Joum.  der  Chem.,  vol.  ii,  p.  290).  In  1829,  C.Brunner  (Pogg.  Ann.,  vol 
XV.  p.  693)  discovered  the  double  soluble  salt  HgS,  K»S,  +  6H«0.  Later  Dr. 
Rheinhardt  Weber  (Pogg.  Ann.,  1856,  vol.  xcvii,  p.  76),  reexamined  the  properties 
and  formation  of  this  salt,  which  he  found  could  exist  only  in  the  presence  of  free 
caustic  alkali.  In  opposition  to  Prof.  Stein,  Dr.  Weber  is  extremely  positive  in 
his  staiements  that  mercuric  sulphide  is  entirely  insoluble  either  in  the  simple 
sulphides  of  sodium  and  potassium,  or  in  the  sulphydrates  of  these  metals,  except- 
ing in  the  presence  of  free  hydrates.  Dr.  Weber's  solvent  was  not,  as  he  evi- 
dently supposes,  a  mixture  of  hydrate  and  sulphydrate  but  of  simple  sulphide  and 
sulphydrate. 

In  1864,  Mr.  C.  T.  Barfoed  (Journ.  fur  prakt.  Chemie,  1864,  vol.  xciii,  p.  230) 
investigated  the  behavior  of  mercuric  sulphide  to  sodium  sulphides.  He,  like  Dr. 
Weber,  found  the  metallic  stilphide  wholly  insoluble  in  tlie  sulphydrate,  but  solu- 
ble in  the  simple  sulphide,  and  in  mixtures  of  the  latter  either  with  the  sulphy- 
drate or  with  the  hydrate.  He  insists  that  the  necessary  and  sufficient  condition 
for  the  solubility  of  mercuric  sulphide  is  the  presence  of  sodic  monosulphide. 

The  assertion  is  frequently  made  in  chemical  writings  (for  example  Graham- 
Otto,  6th  Ed.,  part  3,  vol.  ii,  p.  11 19)  in  spite  of  the  result  obtained  by  Weber  and 
by  Barfoed  that  mercuric  sulphide  is  soluble  in  sodic  sulphydrate.  In  1 876,  Mr.  M. 
0.  M^u  (Russian  Joum.  of  Pharm.,  reported  in  Jahresbericht  der  (]hemie,  1876,  p. 
282),  examined  the  soluble  crystalline  mercury-sodium  salt  corresponding  to  Bnm- 
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the  relative  effect  of  the  quantity  of  sodium  sulphide  and  sodium 
hydrate  on  the  quantity  of  mercuric  sulphide  which  a  given 
inixture  of  the  solvents  would  take  up.  It  is  almost  impos- 
sible to  make  experiments  of  this  kind  with  the  same  accu- 
racy which  can  easily  be  attained  in  precipitations  because,  if 
one  or  more  drops  of  either  fluid  reagent  is  added  to  a  mass  con- 
sisting of  mercuric  sulphide  partially  dissolved  in  the  men- 
struum, it  is  not  practicable  to  say  how  long  a  tii^ewill  elapse 
before  the  additional  drop  will  have  become  saturated.  Ap- 
proximate results  are  however  readily  obtained,  and  these  ap- 
pear in  the  present  case  to  be  sufficient 

It  was  found  that,  provided  a  small  quantity  of  free  hydrate 
exists  in  the  mixture,  the  solubility  of  H^S  depends  solely 
upon  the  quantity  of  Na'S  in  the  solution.  The  average  of 
fourteen  experiments  made  with  varying  proporsitions  of  sodic 
hydrate  gives  IHffS  to  2-03  Na'S.  From  the  nature  of  the 
experiments  a  slight  excess  in  the  quantity  of  solvent  employed 
is  to  be  expected.  One  experiment  was  made  by  mixing  mer- 
curic sulphide  and  sodic  sulphide  in  the  proportion  of  two 
molecules  of  the  latter  to  one  of  the  former,  ana  adding  a  few 
drops  of  caustic  soda.  A  mere  trace  of-  mercuric  sulphide 
remained  undissolved,  and  this  completely  disappeared  on  the 
addition  of  a  single  drop  of  a  solution  of  sodic  sulphide,  so  that 
less  than  one  drop  completed  the  solution. 

Chemists  of  course  regard  cases  of  solution  such  as  that  under 
discussion  as  due  to  the  genesis  of  soluble  double  salts,  which 
are  formed  according  to  ordinary  laws  of  composition.     The 

ner's  potassiuiD  compouDd.     He  found  mercuric  sulphide  insoluble  in  sodic  hydrate 
or  in  the  simple  sulphide  of  sodium,  but  highly  soluble  in  mixtures. 

Alkaline  pentasulphides  convert  amorphous  quicksilver  sulphide  digested  with 
them  into  cinnabar  (Gmelin-Kraut,  Haudbuch  der  Ghemie,  vol.  iii,  p.  766,  where 
many  references  may  be  found),  and  this  process  implies  a  certain  degpree  of  solu- 
bility. Mr.  Barfoed,  however,  found  mercuric  sulphide  insoluble  at  ordinary 
pressures  in  sodium  Hulphydrate  to  which  sulphur  had  been  added,  and  the  solubility, 
in  the  pentasulphide  is  probably  slight.  The  conversion  of  the  black  sulphide  into  the 
red,  does  not  appear  to  imply  more  than  a  mere  trace  of  solubility,  for  Messrs.  H. 
Sainte-Claire  Devilleand  Debray  produced  rhombic  crystals  of  cinnabar  by  heating 
precipitated  sulphide  with  chlorliydric  acid  to  100"  C.  in  a  closed  tube  (Fouqu^and 
MichaeUL^vy,  Synth^  des  Min.  et  des  Roohes,  p.  3 1 3).  No  statement  is  made  in  the 
account  of  this  experiment  of  any  means  being  employed  to  produce  any  great  pres- 
sure. Mr.  S.  B.  Christy  (this  Journal,  vol.  xvii,  1 879,  p.*453)  found  that  at  pressures  of 
from  1 50  to  600  pounds  per  square  inch  and  temperatures  of  from  180"  to  260"  various 
liquids  heated  with  precipitate  1  men3uric  sulphide  convert  it  into  vermilion.  He 
experimented  with  polysulphides  of  potassium  potassic  sulphydrate,  acid  sodic 
carbouate  charged  with  sulphydric  acid,  and  a  spring  water  containing  acid  sodic 
carbonate  which  he  charged  with  sulphydric  acid.  He  reached  no  conclusion  as 
to  the  state  of  combination  of  the  mercury  in  solution.  The  fact  that  glass  is 
greatly  attacked  at  high  pressures  and  temperatures  by  alkaline  solutions  of  course 
leaves  many  possibilities  open.  Prof.  R.  Wagner  (Journal  f&r  prakt.  Ghemie^voL 
xcviii,  1866,  p.  23),  has  shown  that  mercuric  sulphide  is  soluble  in  barium  sulphide, 
and  Prof.  Roth  (Allgem.  u.  chem.  Geol.,  vol.  i,  p.  264)  thinks  it  probable  that  cal- 
cium sulphide  possesses  a  similar  power. 
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above  experiments  show  that  this  soluble  double  salt  can  be 
represented  only  in  the  fornaula  HgS,  2Na'S.  The  soluble  mix- 
ture given  by  M6hu  answers  to  IIgS+2*07  Na'S  and  is  thus,  so 
far  as  it  goes,  confirmatory  of  th^  above  experiments. 

Solubility  q/"HgS  in  Na'S. — The  most  carefully  prepared  so- 
lutions of  sodium  sulphide  dissolve  mercuric  sulphide  freely* 
This  statement  is  directly  contrary  to  that  which  some  of  the 
chemists  referred  to  have  made,  and  it  would  be  a  rash  one  if 
the  evidence  to  be  adduced  for  it  depended  simply  upon  bringing 
solutions  of  sodic  sulphide  into  contact  with  mercuric  sulphide; 
for  it  is  impossible  to  make  certain  that  there  is  no  trace  of  free 
caustic  alkali  or  of  sulphydrate  in  a  solution  of  sodic  sulphide, 
however  closely  its  analysis  may  correspond  to  its  theoretical 
composition.  If,  however,  a  solution  of  sodic  sulphide  contain- 
ing sodic  hydrate  is  treated  with  hydrogen  sulphide,  it  is  grad- 
ufJly  converted  into  sodic  sulphydrate  and  passes  through 
a  point  at  which  the  only  compound  present  is  the  monosul- 
phide.  If  mercuric  sulphide  is  dissolved  in  a  mixture  of  sodic 
sulphide  and  caustic  soda,  and  the  clear  filtrate  is  treated  with 
hydrogen  sulphide,  the  mercuric  sulphide  begins  to  be  precipi- 
tated when  very  little  free  caustic  alkali  is  left,  and  is  contin- 
uously precipitated  until  the  entire  amount  of  sodium  present  is 
converted  into  sulphydrate.  The  purest  preparations  of  Na'S 
which  we  have  been  able  to  make,  dissolve  mercuric  sulphide 
less  freely  than  mixtures  of  sodic  sulphide  and  sulphydrate. 
Different  preparations,  however,  shown  by  most  careful  analysis 
to  correspond  very  accurately  to  the  formula  Na'S,  give  some- 
what dift'erent  results,  possibly  indicating  a  minute  variation 
from  absolute  purity.  It  does  not  seem  a  priori  improbable, 
that  the  soluble  salt  when  the  sodic  sulphide  is  absolutely  pure 
is  HgS,  3Na'S ;  and  one  of  our  preparations  gave  almost  exactly 
this  result.  It  may  also  be  that  mixtures  of  HgS,  2Na%  and 
HgS,  4Na'Sare  formed  in  proportions  varying  with  other  condi- 
tions than  the  purity  of  the  sodium  sulphide,  such  as  tempera- 
ture and  concentration. 

Insolubility  of  ^gS  in  cold  NaHS. — Repeated  experiments  and 
analyses  undertaken  during  this  investigation  have  shown  that 
mercuric  sulphide  is  totally  insoluble  in  sodium  sulphydrate  at 
ordinary  temperatures,  and  that  any  preparation  of  this  com- 
pound which  will  dissolve  a  trace  of  mercuric  sulphide  can  be 
shown  by  analysis  to  fall  short  of  complete  saturation.  A  long 
time  and  an  enormous  quantity  of  hydrogen  sulphide  are 
required  to  completely  saturate  even  a  small  amount  of  caustic 
soda  with  sulphur.  As  already  mentioned,  both  Weber  and  Bar- 
foed  were  aware  of  the  insolubility  of  mercuric  sulphide  in 
sodium  sulphydrate  at  ordinary  temperatures.  It  will  be  seen 
later  that  the  behavior  of  these  compounds  varies  with  the  tern- 
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peratare.  If  mercurio  sulphide  is  left  ia  contact  with  cold  soilic 
salphydrate  for  twenty  four  hours,  just  a  trace  of  mercury  goes 
into  solution.  This  is  due  to  the  spontaneous  loss  of  hydrogen 
sulphide  which  the  sulphydrate  is  well  known  to  undergo. 

The  absolute  want  of  power  of  a  preparation  of  sodic  sulphy- 
drate to  dissolve  a  trace  of  mercuric  sulphide  is  perhaps  the  best 
known  test  of  its  freedom,  from  the  alkaline  mooosulphide. 
This  test  does  not  show  the  absence  of  polysulphides,  however, 
for  we  have  frequently  found  mercuric  sulphide  totally  insolu- 
ble in  solutions  of  sodic  sulphydrate,  which  possessed  a  yellow 
color,  and  which  were  proved  by  analysis  to  contain  an  excess 
of  sulphur.  This  corresponds  to  Barfoed's  observation.  The 
occurrence  of  alkaline  polysulphides  in  nature,  excepting  near 
the  surface  of  the  earth,  seems  so  improbable,  that  I  have  under- 
taken no  investigations  of  the  conditions  under  which  they  dis- 
solve mercuric  sulphide. 

Solubility  of  HgS  in  mixtures  of^d^^  and  NaHS. — For  the 
purpose  of  determining  the  characterofsolutions  of  mercuric sul- 
phiae  in  mixtures  of  sodium  sulphide  and  sulphydrate,  clear 
solutions  of  naercuric  sulphide  in  sodium  sulphide  and  sodium 
hydrate  were  made,  all  the  reagents  being  carefully  prepared  for 
the  purpose,  and  sulphuretted  hydrogen  was  passed  through  the 
solution  until  a  large  permanent  precipitate  of  mercuric  sulphide 
formed.  The  mass  was  then  filtered,  and  of  course  the  filtrate 
represented  an  absolutely  saturated  solution  of  mercuric  sul- 
phide in  a  mixture  of  sodic  sulphide  and  sulphydrate.  A  por- 
tion of  this  solution  was  analyzed.  The  remainder  was  treated 
further  with  hydrogen  sulphide,  the  precipitation  being  arrested 
before  the  separation  of  mercuric  sulphide  was  completed,  and 
the  second  filtrate,  representing  a  second  saturated  solution  of 
the  metallic  sulphide  in  a  mixture  of  alkaline  sulphide  and  sul- 
phydrates,  but  one  containing  much  les&  mercuric  sulphide,  was 
also  analyzed. 

These  analyses,  which  formed  the  conclusion  of  a  tedious  series 
of  experiments,  show  beyond  any  reasonable  doubt  that  there 
is  a  compound  HgS,  4Na'S  which  is  soluble  in  the  presence  of 
Na'S,  H'S  and  which  is  decomposed  by  hydrogen  sulphide  in 
the  presence  of  the  sulphydrate  by  the  reaction, 

HgS,  4Na'S  +  4H«S=HgS  +  4Na"S,  H«S. 

Conclusionfrom  theexperimenia. — It  appears  from  the  above  that 
there  are  at  least  three  double  salts  of  the  form  HgS,  nNa'S, 
where  n  may  be  either  1,  2  or  4  and,  judging  from  the  analogy 
of  the  potassium  compounds,  there  is  probably  also  a  compound 
of  this  group  where  n  is  J.  The  possibility  of  a  case  where  n  is 
-8  has  also  been  adverted  to.  Thus,  mercuric  sulphide  readily 
enters  into  combination  with  sodic  sulphide  in  various  propor- 
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tion?,  while  allthebesi  known  soluble  compounds  of  mercurio 
sulphide  and  sodium  have  the  same  general  formula.  The  pres- 
ence of  carbonates  of  the  alkalies  is  also  known,  especially  from 
M6hu's  results,  lobe  compatible  with  the  existence  of  these  com- 
pounds. The  question  therefore  arises  whether  such  double 
sulphides  may  not  exist  in  natural  waters. 

Possible  existence  of  Na'S  in  natural  waters. — This  question 
resolves  itself  into  two.  It  is  to  be  considered  whether  Na'S 
may  exist  in  natural  waters  as  such.  In  that  case  such  waters 
must  dissolve  mercuric  sulphide.  It  is  also  possible  that 
alkaline  monosulphides  cannot  exist  as  such  in  these  waters^ 
but  that  the  affinity  of  sodic  sulphide  and  mercuric  sulphide  is 
sufficient  to  overcome  the  obstacles  to  the  formation  of  sodic 
sulphide,  and  that  this  compound  will  form  when  mercuric  sul- 
phide is  present.  The  latter  possibility  is  the  more  important 
one,  but  the  former  is  manifestly  one  of  interest  to  chemical 
geology. 

A  train  of  thermochemical  reasoning,  upon  which  it  is  not 
necessary  to  enter  here,  makes  it  extremely  probable  that,  at 
temperatures  exceeding  80^,  a  certain  amount  of  sodic  sulphide 
may  form  by  the  decomposition  of  neutral  sodium  carbonate  and 
sodium  sulphydrate  in  the  presence  of  acid  sodium  carbonate. 
The  behavior  of  such  mixtures  to  mercuric  sulphide  at  the 
temperature  indicated  is  also  such  as  it  would  be  if  the  sodic 
sulphide  actually  formed  ;  but  a  full  and  sufficient  proof  of  the 
reaction  which  theory  indicates  as  probable  seems  very  difficult 
and  has  not  yet  been  accomplished.  It  is  certain,  however,  that 
a  tendency  exists  to  the  formation  of  sodium  sulphide  under 
these  conditions.  When  in  addition  to  this  tendency,  the 
affinity  of  mercuric  sulphide  for  sodic  sulphide  is  brought  inta 
play,  it  can  be  proved  experimentally  that  sodic  sulphide  is 
formed.  We  found  that  at  a  temperature  of  about  90®  a  mix- 
ture of  the  two  carbonates  and  the  sulphydrate  dissolves  mer- 
curic sulphide  freely  without  a  sensible  evolution  of  gas.  If 
the  solvent  does  not  contain  sodic  sulphide,  it  must  contain  the 
sulphydrate.  Hence  it  becomes  important  to  ascertain  the 
behavior  of  mercuric  sulphide  to  sodic  sulphydrate  at  mod- 
erately elevated  temperatures. 

While  sodic  sulphydrate  will  not  dissolve  a  triwe  of  mercurio 
sulphide  at  ordinary  temperatures,  if  mercuric  sulphide  is  added 
to  a  solution  of  sodium  sulphydrate  which  stands  upon  the 
water-bath,  hydrogen  sulphide  is  evolved  and  mercuric  sul- 
phide goes  into  ijolution.  •  The  fact  that  hydrogen  sulphide  is 
evolved  demonstrates  that  sodic  sulphide  must  be  formed. 
Cooling  does  not  reprecipitate  the  mercuric  sulphide,  and  the 
compound  dissolved  is  therefore  of  the  form  HgS,  nN»n,S. 
Though  the  solubility  of  mercurio  sulphide  in  warm  solutions 
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of  the  alkaline  sulphydrates  at  ordinary  pressures  has,  so  far  as 
I  know,  never  been  explicitly  stated,  I  have  no  doubt  that 
chemists  have  observed  it  and  that,  in  consequence  of  this 
observation,  the  general  statement  of  the  solubility  of  mercuric 
sulphide  in  alkaline  sulphydrates  has  remained  in  chemical 
liiernture  in  spite  of  the  observation  of  Weber  and  Barfoed. 
The  preparation  in  which  I  originally  observed  this  important 
reaction  was  one  from  which  mercury  had- already  been  removed 
by  precipitation  with  hydrosulphuric  acid.  The  experiment 
was  afterwards  repeatea  by  Dr.  Melville  with  seveial  prepara- 
tions of  sulphydrate  which  had  been  accurately  analyzed  and  had 
been  tested  in  numerous  ways.  Now  in  a  mixture  of  the  car-* 
bonates  and  sulphides  of  sodium  at  the  temperatureof  the  water- 
bath,  either  sodic  sulphide  or  sodic  sulphydrate  is  present,  or, 
more  probably,  both  coexist.  If,  then,  mercuric  sulphide  is 
added  to  such  a  solution,  either  sodic  sulphide  combines  directly 
with  mercuric  sulphide,  or  sodic  sulphydrate  is  decomposed  by 
mercuric  sulphide  setting  free  hydrogen  sulphide,  which  must 
be  immediately  absorbed  by  neutral  sodic  carbonate.  Hence  in 
any  case  the  salt  dissolved  in  the  mixture  must  be  of  the  form 
HgS,  nNa'S. 

Effects  of  dilution — Laboratory  experiments  are  usually  made 
with  solutions  which  are  much  more  concentrated  than  those 
found  in  nature.  Hence  the  effect  of  dilution  on  solutions  of 
HgS,  nNa'S  are  important.  Whether  mercuric  sulphide  is  dis- 
solved  in  a  mixture  of  sodium  monosulphide  and  sodium 
hydrate,  or  of  the  former  and  sulphydrate,  dilution  with  cold 
water  precipitates  mercuric  sulphide. 

The  cause  of  this  precipitation,  which  is  attended  by  some 
curious  phenomena  to  be  described  hereafter,  is  clear.  It  is 
known  through  the  investigations  of  Messrs.  Kolbe,  Thomsen 
and  others,  that  while  in  moderately  concentrated  solutions 

NanS+NaHO=Na"S  +  H*0, 

this  reaction  is  partially  reversed  on  dilution  ;  or  that,  in  the 
presence  of  much  water,  sodic  sulphide  is  decomposed  by  water, 
the  proportion  of  the  sulphide  undergoing  this  decomposition 
increasing  gradually  with  the  dilution.  It  is  evident  that  the 
decomposition  of  HgS,  nNa,S  is  effected  in  the  same  way,  more 
and  more  of  the  monosulphide  being  converted  into  the  sulphy- 
drate as  the  dilution  increases,  probably  without  any  limit. 
Since  mercuric  sulphide  decomposes  hot  sodic  sulphydrate,  the 
effect  of  dilution  in  hot  solvents  will  evidently  be  less  than  in 
cold  ones. 

Brunner^  found  that  dilution  of  solutions  of  his  salt  pre- 
cipitated  a  black  mass   in  which,  on   examination   with   the 

*  Loc.  cit. 
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lens,  minute  globules  of  mercury  were  visible.  The  q4iantity 
of  mercury  was  extremely  small,  so  that  the  precipitate  on 
analysis  corresponded  very  closely  indeed  to  the  composition 
expressed  by  the  formula  HgS.  Gmelin-Kraut*  appear  to 
have  some  independent  confirmatory  evidence  on  this  point  If 
metallic  mercury  is  precipitated  in  diluted  solutions,  of  course 
sulphur  is  liberated  ;  and,  as  shown  above,  sodium  hydrate  must 
also  be  present.  Now  when  these  two  substances  are  brought 
in  contact,  sodic  hyposulphite  forms.  Accordingly  Brunner 
found  hyposulphite  in  the  solution  forty  years  before  the 
decomposition  of  sodic  sulphide  in  dilute  solution  had  been 
elucidated. 

As  Brunner  experimented  with  HgS,  Na*S,  I  thought  it  best 
to  compare  the  action  of  HgS,  4Na*S.  A  very  concentrated 
perfectly  clear  solution  of  freshly  prepared  mercuric  sulphide  in 
a  mixture  of  sodic  sulphydrate  and  caustic  soda,  containing 
very  little  of  the  latter,  was  suddenly  diluted  with  cold  water  to 
iJOO  times  its  volume  and  rapidly  filtered.  Minute  globules  of 
mercury  could  be  seen  with  the  black  sulphide  on  the  filter. 
On  dige3tion  (after  thorough  washing)  with  very  dilute  nitric 
acid,  a  solution  was  obtained  from  which  sulphydric  acid  pre- 
cipitated black  sulphide.  The  decomposition  thus  appears  to 
be  the  same  in  each  of  the  compounds,  HgS,  Na'S  and  HgS, 
4Na'S. 

Influence  of  foreign  substances, — The  fact  that  sodium  carbon- 
ates do  not  prevent  the  solution  of  HgS  in  Na'S  is  evident  both 
from  M6hu's  result  and  from  our  own.  Experiments  show  that 
borax  solutions  precipitate  a  portion  of  the  mercury  from  solu- 
tion, but  not  the  whole.  The  precipitation  does  not  appear  to  be 
progressive,  like  that  accompanying  dilution,  but  to  reach  a 
sharp  limit  beyond  which  further  additions  produce  no  eflfect. 
A  large  amount  of  borax  added  to  a  concentrated  solution  of 
Na*S  and  NaHS  does  not  rob  it  of  the  power  to  dissolve  HgS. 
It  is  easy  to  imagine  reactions  by  which  borax  may  precipitate 
a  portion  of  the  mercuric  sulphide.  But  the  behavior  of  solu- 
tions of  borax  to  sulphydric  acid  and  to  alkaline  sulphides  is 
very  peculiar  and.  so  laras  I  am  aware,  has  not  been  thoroughly 
investigated.f  Very  concentrated  solutions  of  sodium  chloride 
do  not  precipitate  mercuric  sulphide  from  strong  solutions  in 
mixtures  of  sodic  sulphydrate,  and  they  even  appear  to  delay 
but  not  to  prevent,  precipitation  by  dilution 

Solubiliii/  of  ¥e*S — The  sulphide  which  is  most  frequently 
associated  with  that  of  mercury  is  pyrite  or  marcasite,  indeed 
these  minerals  in  greater  or  smaller  quantities  are  to  be  found 
in  nearly  every  hand  specimen  of  ore,  and  occur  very  abund- 
antly in  most  quicksilver  minea     On  making  the  experiment 

*  L.  c,  vol.  lii,  p.  851.  t  Gmelin-Kraut,  1.  c,  vol.  ii,  p.  160. 
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I  found  that  pyrite,  marcasite  or  precipitated  ferrous  sulphide 
when  warmed  with  a  solution  of  sodio  sulphide  diminished  in 
quantity,  while  the  solution  changed  color.  The  filtrates  gave 
strong  reactions  for  iron. 

Pyrite  dissolves  in  cold  solutions  of  sodium  sulphide  without 
any  evolution  of  gas.  The  solvent  power  seems  to  increase 
wiih  the  temperature.  Pyrile  like  cinnabar  appears  totally  in- 
soluble in  cold  sodium  sulphydrate,  and,  like  cinnabar,  pyrite 
dissolves  to  some  extent  in  hot  solutions  of  the  sulphydrate. 
Pyrite  is  also  soluble  in  solutions  of  sodium  carbonate  partially 
saturated  with  sulphydric  acid,  both  hot  and  cold.  Quantita- 
tive determinations  have  been  made,  but  are  omitted  here  for 
the  sake  of  brevity. 

Marcasite  is  more  easily  soluble  than  pyrite,  and  the  simple 

frecipitated  sulphide  goes  into  solution  most  readily  of  all.  ' 
think  there  can  be  no  doubt  that  pyrite  and  marcasite  form 
double  salts  with  sodium  sulphide  entirely  analogous  to  the 
soluble  compounds  of  mercuric  sulphide.  Marcasite  is  more 
easily  attacked  than  pyrite,  just  as  metacinnabariie  is  more 
susceptible  to  the  action  of  reagents  than  cinnabar. 

Solubility  of  gold. — ^The  association  of  gold  and  pyrite  is 
world  wide.  According  to  Gahn*  there  is  no  pyrite  which 
does  not  yield  traces  of  gold  when  carefully  tested.  This  in- 
deed does  not  accord  with  my  experience,  for  extremely  careful 
tests  of  some  pyrite  in  my  laboratory  have  failed  to  reveal  any 
indication  of  gold.  Gold  is  associated  with  quicksilver,  how- 
ever, at  Steamboat  Springs,  at  some  points  on  the  gold  belt  of 
California,  at  the  Manzanita  mine,  at  the  Reddington  mine,  and 
some  other  localities  both  in  California  and  in  foreign  countries. 
From  thej?e  facts  I  concluded  that  gold  should  be  soluble  in  sodic 
sulphide.  On  warming  chemically  pure,  precipitated  gold-dust 
with  a  solution  of  sodic  sulphide,  the  glittering  scales  of  gold 
gradually  disappeared.  The  filtrate  after  proper  manipulation 
yielded  a  purple  precipitate  with  phosphorous  acid. 

A  solution  containing  843  parts  of  Na*S  (by  weight)  dis- 
solves one  part  of  gold  at  the  ordinary  temperature  of  the 
atmosphere.  Gold  also  dissolves  at  ordinary  temperatures  in 
sodic  sulphydrate,  and  in  solutions  of  sodic  carbonate  partially 
saturated  with  sulphydric  acid.  The  solubility  appears  to  be 
increased  and  facilitated  by  heat. 

Solubility  of  other  sulphides. — Cupric  sulphide  dissolves  less 
readily  than  pyrite  in  sodic  sulphide  and  in  mixtures  of  the 
sodic  carbonates  and  sodic  sulphydrate.  Unlike  pyrite,  it 
also  dissolves  in  thoroughly  saturated  sodic  sulphydrate.  Zinc 
sulphide  is  also  soluble  and  behaves  much  as  pyrite  does. 
Quantitative  determinations  of  the  solubility  of  these  substan- 

♦  Bischof  8  Cbem.  Geol.,  vol.  iii,  p.  939. 
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ces  have  also  been  made.  The  solubility  of  the  sulphides  of 
arsenic  and  antimony  in  sodic  sulphide  and  in  the  sulphydrate 
is  of  course  well  known.  In  the  presence  of  neutral  sodic  car- 
bonate sulphides  of  arsenic  and  antimony  dissolve  in  sodic 
sulphydrate  without  the  evolution  of  gas,  because  the  sulphy- 
dric  acid  set  free  reacts  upon  the  carbonate. 

Natural  solutions  and  precipitations, — The  foregoing  experi- 
ments show  that  there  is  a  series  of  compounds  of  mercury  of 
the  form  HgS,  nNa'S  one  or  the  other  of  which  is  soluble  in 
aqueous  solutions  of  caustic  soda,  sodic  sulphydrate  or  sodic 
sulphide,  and  apparently  also  in  pure  water,  at  various  temper- 
atures. These  solutions  subsist,  or  subsist  to  some  extent  in 
the  presence  of  sodic  carbonates,  borates  and  chlorides.  There 
is  the  strongest  evidence  that  the  waters  of  Steamboat  Springs 
contain  mercury  in  this  form,  and  that  the  waters  of  Sulphur 
Bank  have  contained  mercury  in  the  same  form,  if  indeed  the^f 
do  not  still  carry  it  in  solution.  Bisulphide  of  iron,  gold  and 
zincblende  form  double  sulphides  with  sodium,  which  appear 
to  be  analogous  to  those  of  mercury.  Copper  also  forms  a 
soluble  double  sulphide,  but  combines  more  readily  with  sodic 
sulphydrate  than  with  the  simple  sulphide.  All  of  these  solu- 
ble sulphosalts  may  exist  in  the  presence  of  sodic  carbonate?- 

Mercuric  sulphide  is  readily  precipitated  from  these  solutions. 
Any  substance  is  more  soluble  in  hot  solutions  than  in  cold 
ones,  provided  that  increase  of  temperature  does  not  res^olve 
the  fluid  molecules  into  others  which  are  less  soluble ;  as  happens 
with  s<^)dium  chloride,  neutral  sodium  carbonate,  etc.  Dimin- 
ishing temperature  is  thus  a  cause  of  precipitation,  and  dimin- 
ishing pressure  appears  to  act  in  a  similar  way.  There  are  also 
other  methods  of  precipitation  which  may  be  carried  out  under 
natural  conditions.  If  a  natural  solution  of  mercury  comes  in 
contact  with  strong  solutions  of  borax,  or  with  sulphydric  acid, 
or  any  stronger  acid,  it  will  lose  a  portion  of  the  mercuric 
sulphide  in  solution.  At  Steamboat  Springs  and  Sulphur 
Bank  large  quantities  of  sulphuric  acid  are  formed  near  J  he 
surface  and,  percolating  downward,  must  precipitate  mercury 
in  some  form.  The  acid  waters  penetrate  to  a  depth  of  at  least 
20  or  30  feet  and  this  explains  the  fact  that  the  waters  reaching 
the  surface  carry  so  little  quicksilver.  These  same  causes  must 
also  produce  precipitation  of  the  other  ores  and  of  gold  from 
solutions. 

Another  method  by  which  mercuric  sulphide  may  be  precipi- 
tated, as  has  been  seen,  is  mere  dilution.  Now,  ascending 
solutions  of  quicksilver  must  sometimes  meet  with  springs; 
and  when  they  do  so,  meiacinnabarite,  or  black  sulphide  will 
be  precipitated,  and  with  it  also  a  small  amount  of  quicksilver. 
In  nearly  all  mines  a  small  quantity  of  "virgin"  quicksilver 
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is  found  and  in  most  it  constitutes  a  very  small  proportion  of 
the  entire  ore.*  Accompanying  this  precipitation  is  the  forma- 
tion of  hyposulphite,  which  actually  occurs  in  the  waters  of 
Steamboat  Springs.  Dilution  of  solutions  of  quicksilver  with 
extraneous  spring  waters  thus  explains  the  occurrence  of  meta- 
cinnabarite,  found  in  at  least  four  of  the  mines  of  California,  and 
in  New  Zealand,  and  of  native  quicksilver.  Native  quicksilver 
however  occurs  in  many  mines  in  which  no  metacinnabarite  has 
ever  been  seen.  This  does  not  preclude  the  supposition  that 
the  metal  has  been  isolated  by  dilution  ;  for  black  sulphides  in 
the  presence  of  solutions  of  mercury  might  readily  be  con- 
verted into  the  allotropic  modification,  and  I  know  of  no  reason 
for  denying  that  much  of  the  cinnabar  of  the  ore  deposits  may 
have  been  deposited  in  the  amorphous  state.  Cinnabar  and 
metacinnabarite  are  sometimes  found  mixed,  fis  if  the  conversion 
to  the  red  form  were  incomplete;  and  there  is  other  evidence 
from  observation  that  mercuric  sulphide  is  slightly  soluble  in 
the  waters  of  some  of  the  cold  mines. 

While  dilution  will  produce" metallic  mercury  and  a  causa 
vera  of  its  existence  is  thus  detected,  there  may  be  other  ways 
besides  this  in  which  it  is  produced  in  nature.  Thus  sulphy- 
dricacid  precipitates  a  mixture  of  quicksilver  and  mercuric  sul- 
phide from  mercurous  salts.  Whether  soluble  mercurous  salis 
can  occur  in  nature,  excepting  near  the  earth's  surface,  is 
another  question.  But  even  light  is  well  known  to  decompose 
this  feeble  sulphide,  apd  it  is  not  impossible  that  the  decompo- 
sition of  organic  matter,  which  is  associated  in  most  cases 
with  cinnabar  deposits,  and  seems  to  be  specially  abundant 
in  the  mines  in  which  metallic  mercury  most  prevails,  may 
yield  ammonium  sulphide  and  metallic  mercury. 

ftmc/i^iorw.— The  conditions  of  the  solution  and  precipita- 
tion of  ores  traced  in  this  paper  appear  beyond  doubt  those 
mainly  instrumental  in  forming  th^  deposits  of  Steamboat 
Springs  and  Sulphur  Bank.  Most  of  the  other  quicksilver 
mines  in  California  show  ores  and  gangue  minerals  of  similar 
composition  to  these,  and  many  of  them  are  accompanied  more 
or  less  closely  by  warm  springs  containing  much  the  same  salts 
in  solution.  Some  of  the  gold  veins  also  appear  to  bear  so 
considerable  a  resemblance  in  many  particulars  to  these  depos- 
its as  to  lead  to  the  belief  that  they  too  were  formed  by  precipi- 
tation from  solutions  of  soluble  double  sulphides. 

That  pyrite,  gold  and  other  ores  are  sometimes  produced  in 
nature  by  other  methods  is  absolutely  certain;  for  some 
auriferous  pyrite  is  known  to  have  resulted  from  the  reduction 

^  It  is  a  verj  curious  fact  that  from  ancient  times  to  the  beginning  of  the  last 
century  virgin  quicksilver  was  supposed  to  possess  qualities  superior  to  that  of 
the  metal  reduced  from  cinnabar.    Bruckmann,  Magn.  dei  in  loc.  subt 
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of  iron  sulphate  by  organic  matter.  This  particular  process  is 
probably  confined  to  short  distances  from  the  surface;  for  I 
know  of  no  indication  of  the  formation  of  iron  sulphate  far 
from  the  oxidizing  influence  of  the  atmosphere.  But  there 
may  be  other  solvents  yet  for  these  and  other  minerals  which 
can  form  at  great  depths  and,  if  such  there  be,  I  am  convinced 
they  are  cases  in  which  they,  and  not  those  which  it  has  been 
my  good  fortune  to  trace  in  the  foregoing  pages,  have  been  in- 
strumental in  the  segregation  of  ores. 
IT.  S.  Geological  Survey,  Dec.,  1886. 


Art.    XXIV. — Fluviatile  Swamps  of  New  England;  by  N.  S. 

Shaler. 

[Published  by  permissioD  of  the  Director  of  the  United  States  Geol.  Survey.] 

In  examining  the  fresh  water  swamps  of  New  England  I  have 
found  it  necessary  to  consider  in  a  careful  manner  the  geo- 
graphical distribution  of  one  class  of  these  deposits,  viz :  The 
swamps  formed  along  the  banks  of  rivera  This  work  has  been 
done  with  the  iptention  of  presenting  the  matter  in  a  report  on 
the  inundated  lands  of  the  United  States,  but  a  part  of  the 
results  seem  to  have  an  important  bearing  on  the  question  of 
recent  changes  in  the  altitude  of  the  continent  in  relation  to  the 
sea  and  are  therefore  stated  in  the  following  pages  in  order  that 
they  may  be  at  the  service  of  students  yho  are  interested  in 
this  problem. 

Let  us  first  note  the  fact  that  the  greater  part  of  the  New 
England  streams  flow  from  north  to  south  or  with  slight  devia- 
tions from  this  direction.  Except  at  the  head-waters  of  these 
southward  flowing  streams,  where  the  brooks  have  too  little 
volume  to  clear  their  beds  of  the  glacial  waste  which  encum- 
bers, them,  the  valleys  of  this  group  contain  no  swamps.  There 
are,  it  is  true,  occasional  small  areas  of  marshy  ground  upon 
the  bordering  terraces  of  these  rivers;  these,  in  all  the  cases  I 
have  examined,  are  evidently  *' moats"  or  the  cut-off  portions 
of  the  old  stream  beds  which  have  been  abandoned  by  the 
rivers  in  their  changes  of  channel. 

All  these  southward  flowing  streams  show  that  they  have,  for 
a  considerable  time,  been  cutting  their  beds  downward  through 
a  deep  layer  of  detrital  material  which  was  evidently  deposited 
in  their  channels  while  the  ice  sheet  was  disappearing  from  the 
district  on  which  they  lie.  This  is  indicated  by  the  fact  that, 
above  the  alluvial  plain,  at  present  overflowed  in  the  .times  o 
flood,  there  is  usually  one,  occasionally  several,  terraces  which 
bear  the  mark  of  river  action  and  to  which  the  stream  never 
attains. 
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It  is  a  fact,  oae  that  so  far  as  I  am  aware  has  not  been  noticed, 
that  the  uppermost  of  these  terraces  in  the  Merrimac  and  Con- 
necticut, as  well  as  some  other  rivers,  generally  exhibits  fea- 
tures not  reconcilable  with  the  supposition  that  it  was  formed 
by  river  action.  Its  surface  is  frequently  cast  into  the  peculiar 
forms  characteristic  of  the  deposits  which  were  made  at  the 
front  of  the  ice-sheet  when  the  base  of  the  glacier  lay  below  the 
level  of  the  sea.  It  is  my  belief  that  these  kame-bearing  ter- 
races were  formed  while  the  valleys  in  .which  they  lie  were 
depressed.  Mr.  Warren  Upham  m  his  essay  on  the  New 
Hampshire  drift,  repeatedly  refers  to  the  fact  that  these  plains 
differ  essentially  from  those  forming  at  present,  still  he  con- 
ceives them  as  formed  by  river  action. 

Although  we  must  exclude  the  upper  terraces,  those  having 
kame  ridges  and  the  crater-like  hollows  which  accompany  kame 
deposits,  from  the  category  of  terraces  formed  by  the  action  of 
rivers,  there  remain  enough  of  the  elevated  benches,  distinctly 
marked  by  the  action  of  fluviatile  forces,  to  make  it  clear  that, 
in  the  valleys  of  the  rivers  flowing  from  north  to  'south,  the  con- 
ditions have  been  such  that  the  streams  have  had  no  difficulty 
in  constantly  cutting  deeper  and  deeper  into  the  detrital  depos- 
its which  hindered  their  flow  at  the  close  of  the  Glacial  period. 
The  accompanying  diagram  (figure  1)  represents  the  general 
condition  of  the  terraces  in  the  valleys  of  the  Merrimac,  Connec- 
ticut, and  other  New  England  rivers  of  considerable  size,  which 
flow  from  north  to  south.  It  is  intended  to  give  the  typical 
form  of  these  terraces  and  not  to  show  the  actual  conditions  at 
any  one  point,  though  those  who  are  familiar  with  the  aspect  of 
the  Merrimac  or  the  Connecticut  will  recall  many  sections  which 
it  closely  resembles. 


I^pe  of  river  valleys  in  New  England  when  the  streams    flow  from  north  to 

south. 

It  is  evident  that  in  a  valley  characterized  by  the  presence 
of  the  terrace  debris  the  conditions  are  extremely  unfavorable 
for  the  formation  of  swamps,  for  even  the  lowest  of  the  alluvial 
plains  is  drained,  except  in  times  of  flood. 

Turning  now  to  the  streams  which  flow  from  south  to  north 
we  find  conditions  in  marked  contrast  to  those  which  are  found 
in  the  rivers  flowing  in  the  opposite  direction.  The  number 
of  these  northward  flowing  streams  is  small  and  none  of  th^m 
have  drainage  areas  to  be  compared  with  those  of  the  greater 
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New  England  rivers.  So  far  I  have  been  able  to  examine 
the  valleys  of  but  few  of  this  group,  viz  :  The  Nashua,  the  Con- 
cord, the  Charles,  and  the  Neponset,  all  situates!  in  eastern 
Massachusetts  Although  these  streams  are  not  large  they  all 
carry,  in  times  of  flood,  large  bodies  of  water. 

The  general  conditions  of  their  drainage  basins,  as  far  as  can 
be  shown  by  a  cross  section,  are  exhibited  in  diagram  No.  2. 
It  will  be  seen  from  a  comparison  of  this  with  the  preceding 
diagram  (figure  1)  that  the  most  important  difference  in  the 
cross  section  is  as  follows,  viz :  Along  the  streams  which  flow 
from  south  to  north  there  are  no  river  terraces  except  those 
which  are  covered  by  the  ordinary  floods  and  are  at  times 
swampy ;  while  in  the  rivers  which  flow  in  the  opposite  direc- 
tion there  are  normally  several  of  these  elevated  fluviatile 
benches  and  even  the  lowest  of  them  is  well  drained  in  the  dry 
season.  The  only  benches  are  of  the  kame  terrace  character 
before  adverted  to  and  these  are  very  conspicuous  features 
in  some  of  these  valleys;  in  that  of  the  Concord  River  they 
are  particularly  extensive  and  characteristic.  At  first  sight 
these  kame  plains  are  likely  to  deceive  the  unwary  ob- 
server into  the  belief  that  he  has  ordinary  fluviatile  terraces 
before  him.  Even  when  he  has  a  considerable  acquaintance  with 
such  terraces  as  abound  in  the  region  south  of  the  glaciated  area 
of  this  continent  he  may  fall  into  this  error.  Seen  from  the 
level  of  the  streams  the  faces  of  the  kame  terraces  where  they 
have  been  scarfed  away  by  the  stream  are  almost  exactly  like 
those  of  ordinary  fluviatile  benches.  Observing  them  closely 
their  escarpments  are  seen  to  be  slightly  more  irregular  than  on 
the  terraces  formed  by  a  stream  in  its  down  cutting,  but  occur- 
ring, as  they  do,  in  a  somewhat  fragmentary  way,  these  pecul- 
iarities are  readily  overlooked. 


Type  of  river  valleys  in  New  England  when  the  streams   flow  from  south  to 

north . 

When,  however,  the  student  ascends  upon  the  surface  of 
these  plains,  he  at  once  remarks  that  they  are  essentially  unlike 
the  true  fluviatile  terraces  as  we  mav  call  those  benches  which 
have  in  earlier  times  been  overflowed  by  the  stream.  In  place 
of  the  level  or  slightly  rolling  surface  characteristic  of  these-old 
flood  plains  we  find  these  kame  terraces,  though  generally 
nearly  level,  to  be  here  and  there  deeply  indented  by  the 
peculiar  pits  termed  *  kettles '  so  characterbtic  of  the  kame 
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plains  of  New  England.  Here  and  there  also. we  find  low  bat 
sharp  kame  ridges  which  are  equally  characteristic  of  this  class 
of  aeposits.  These  contours  are  of  themselves  suflBcient  to 
prove  that  these  areas  have  never  been  the  flood  plains  of 
any  river.  Other  evidence  is  found  in  the  fact  that  these  kame 
bearings  terraces  have  bowlders  scattered  over  them ;  usually 
these  erratics  are  of  small  size,  but  occasionally  they  have  a 
mass  of  twenty  cubic  feet  or  more.  The  materials  which  form 
the  kame  plains  consist  in  the  main  of  sand  and  pebbles 
deposited  in  an  irregular,  cross- bedded  way  quite  different  from 
the  structure  of  fluviatile  terraces.  Again  the  kame  plains 
may  be  traced  completely  beyond  the  valleys  into  positions 
where  it  is  evident  that  they  have  no  relation  to  river  action. 

Below  the  level  of  this  kame  terrace  the  valleys  of  the  rivers 
which  flow  from  south  to  north  show  no  other  benches  until 
we  descend  to  the  level  of  the  present  flood  plain.  This  is 
always,  as  is  shown  in  the  diagram,  in  direct  communication 
with  the  present  margin  of  the  river  so  that  a  very  slight  flood 
sends  the  water  over  the  whole  of  its  level.  Even  in  the  times 
of  ordinary  low  water  the  river  extends  through  sedgy  flats  for 
some  distance  from  the  margin  of  the  flowing  stream.  The 
whole  of  this  alluvial  plain  is  swampy  ;  so  far  as  I  have  seen 
none  of  it  is  exempt  from  floods,  and  there  is,  at  no  point,  any 
indication  of  down-cutting  on  the  part  of  the  stream  bed.  This 
absence  of  a  distinct  lowering  of  the  drainage  level  in  these 
basins  may  possibly  be  accounted  for  in  part  by  the  fact  that 
they  are  all  more  or  less  obstructed  by  mill-dams.  Still  making 
all  allowance  for  these  obstructions  and  considering  only  the 
conditions  which  remain  when  the  water  is  drawn  away  from 
the  pools,  it  is  clear  that  there  has  been  in  these  channels  an 
entire  absence  of  that  swift  down-cutting  which  is  so  marked 
a  feature  in  the  rivers  which  flow  from  north  to  south. 

It  is  moreover  clear  that  the  reverse  process  is  now  rapidly 
in  action  ;  none  of  these  northward  flowing  streams  have,  at 
the  present  time,  suflicient  currents  to  clear  their  beds  of  the 
detritus  brought  into  them  by  floods  from  their  tributaries. 
Even  in  the  time  of  floods  tliey  discharge  no  coarse  detrital 
matter ;  only  the  small  amount  which  is  held  in  suspension  by 
a  slight  current  is  carried  to  the  sea.  The  result  of  this  failure 
of  the  streams  to  exercise  any  general  erosive  efiect  is  that  the 
process  of  deposition  is  constantly  going  on  not  only  on  the  bot- 
toms of  their  channels  but  upon  a  wide  field  on  either  side  of  the 
waterways.  The  deposition  of  coarse  sediment  is  taking  place 
not  only  along  the  bottoms  of  the  streams  but  in  the  form  of  small 
deltas  where  the  brooks  from  the  higher  ground  are  arrested  in 
their  speed  at  the  margins  of  the  swamp  landa  These  deltas 
are  inconspicuous ;  in  part  1>ecause  the  greater  number  of  the 
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New  England  streams  do  not  bear  a  lar^e  amount  of  coarse 
sediment,  bat  also  because  the  continued  rise  of  the  swamp 
deposits  causes  the  deltas  to  be  masked  by  the  growth  of  plants 
and  the  accumulation  of  peaty  matter.  It  seems  evident  that 
we  have  not  yet  come  to  a  point  where  the  conditions  have 
attained  their  equilibrium  though  it  may  well  be  that  the  pres- 
ent condition  of  these  basins  is  affected  by  the  artificial  aams 
which  have  recently  been  constructed  across  their  main  chan- 
nels. I  believe  that,  if  these  dams  were  removed,  the  accumula- 
tion of  detritus  would  continue. 

The  general  character  of  the  swamps  which  border  the  north- 
ward flowing  rivers,  merits  some  consideration.  In  the  first 
place  we  note  the  fact  that  they  do  not  belong  to  the  group  of 
sphagnum  deposits,  for  the  reason  that  the  alternations  of  water 
level  are  too  great  to  permit  the  extensive  development  of  these 
mosses.  These  fluviatile  swamps  are  divisible  into  three  classes. 
There  are  those  which  are  formed  in  areas  so  frequently  sub- 
jected to  overflow  and  so  constantly  penetrated  with  water  that 
they  cannot  afford  a  site  for  any  of  our  perennial  shrubs  to 
maintain  a  place  upon  them.  These  areas  are  occupied  in  their 
lower  part  by  rushes  and  in  the  higher  by  the  ordinary  marsh 
grasses  of  this  country.  Above  this  level  we  have  a  belt  or 
ground,  generally  narrow,  in  which  the  grasses  give  place  to 
various  bushy  but  low  growing  plants  of  which  the  alders  are 
the  most  common.  Above  this  we  have  in  certain  places  a 
wide  field  of  swamps  which  are  really  only  very  wet  woods, 
water  covered  in  the  times  of  the  greater  floods,  say  once  or 
twice  a  year,  but  generally  two  or  three  feet  above  the  level  of 
ordinary  inundations. 

These  wide  inundated  plains  demand  explanation  ;  this  I  am 
not  yet  able  to  give.  It  seems  to  me,  however,  from  their  as- 
pects and  the  trifling  sections  I  have  been  able  to  secure,  none 
of  which  extend  more  than  three  feet  below  the  surface,  that 
they  may  be  true  terrace  plains  formed  perhaps  during  a  time 
when  the  channel  of  the  river  was  at  a  lower  level  than  it  is  at 
present.  These  plains  may  have  been  converted  into  swamps 
by  the  same  changes  in  the  drainage  conditions  which  have  so 
embarrassed  the  flow  of  the  stream. 

The  foregoing  statement  will  make  it  clear  that  there  is  a 
great  difference  in  the  drainage  conditions  of  the  streams  which 
flow  from  and  toward  the  north  in  the  belt  of  country  included 
in  eastern  New  England.  A  little  further  consideration  of  the 
facts  will  make  it  also  clear  that  this  difference  is  probably  not 
one  of  the  original  nature  bat  has  recently  been  brought  about. 
We  note  in  the  first  place  that  the  valleys  of  the  rivers,  which 
flow  from  south  to  north,  show  evidences  of  an  erosive  power 
which  the  rivers  no  longer  possess.'   As  is  indicated  in  the  dia- 
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gram  (see  figure  2)  we  often  find  on  either  side  of  the  present 
stream  bed  the  remains  of  a  terrace-like  mass  of  sand  and  gravel 
which  is  the  product  of  peculiar  conditions  of  the  Glacial  period. 
In  some  rare  oases  these  masses  of  tabular  drift  are  found  as 
fragments  of  an  old  table-land  left  in  the  middle  of  the  valley. 
These  lateral  and  central  masses  of  terraced  sands  have  in  all 
cases  steep  escarpments  which  by  their  slope  indicate  the  erosive 
action  of  the  stream.  It  is  often  evident  that  these  drift  plains 
at  the  close  of  the  Glacial  period  extended  across  the  valleys  in 
which  they  lie. 

In  some  cases  the  mass  excavated  is  very  great;  on  the 
average  it  seems  to  me  as  great  as  that  which  has  been  removed 
by  some  of  the  larger  streams  of  the  valleys  which  flow  from 
north  to  south.  The  excavation  in  the  valleys  of  the  rivers 
which  flow  from  south  to  north  is  entirely  beyond  the  power  of 
their  streams  to  accomplish  with  their  present  slopes.  In  simi- 
lar streams  flowing  in  the  reverse  direction  the  process  of  ero- 
sion of  their  drift  plains  is  still  going  on.  In  the  Merrimac,  for 
instance,  the  river  is  rapidly  wearing  away  its  banks  at  many 
points.     On  the  western  side  of  the  elevated  plateau  of  kame 

Slains,  which  lies  on  the  east  side  of  the  river  near  Concord, 
r.  H.,  the  process  of  erosion  keeps  a  fresh  face  on  a  clifiF  nearly 
one  hundred  feet  high  and  several  hundred  yards  in  length. 
This  escarpment  is  wearing  away  at  the  rate  of  somewhere  near 
one  foot  per  annum.  The  same  is  the  case  with  many  other 
bluffs  on  this  stream.  This  activity  of  erosion  by  the  rivers  is 
seen  in  many  other  streams  of  this  class  in  this  part  of  New 
England,  but  in  the  valleys  which  slope  to  the  south  the  streams 
no  longer  attack  their  banks  in  this  manner  though  it  is  evi- 
dent that  they  at  one  time  were  capable  of  such  work. 

I  have  at  present  no  data  sufficient  to  determine  the  depth 
to  which  the  valleys  have  been  encumbered  by  the  swamp 
accumulations  which  have  been  formed  in  them  or  how  much 
their  beds  have  been  raised  from  their  original  level.  It  seems 
to  me  likely  that  they  originally  possessed  alluvial  plains  such 
as  those  which  now  characterize  the  Merrimac  and  other  nor- 
mal valleys.  This  would  seem  almost  necessarily  the  case  from 
the  extensive  erosion  of  the  drift  terraces,  for  the  reason  that 
this  erosion  by  the  stream  would  necessarily  lead  to  the  oscilla- 
tion of  the  channel  from  side  to  side,  which  would  bring  about 
the  production  of  fluviatile  plains.  If  such  plains  existed  the 
filling  up  of  the  valleys  has  evidently  been  sufficiently  great  to 
suppose  their  surface  beneath  the  existing  swamp  deposits. 
As  Wore  remarked  I  am  disposed  to  believe  that  the  great 
area  of  wet-woods  on  the  banks  of  the  Concord  river  in  Bedford, 
Mass.,  is  in  its  nature  a  supposed  fluviatile  terrace. 

It  thus  appears  probable  that  after  the  streams  which  flow  to 
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the  northward  had  in  good  part  done  their  work  of  excavating 
their  drift-encnmbered  channels,  bringing  them  into  essentially 
the  condition  of  those  occupied  by  the  rivers  flowing  from  north 
to  south,  a  change  came  over  them  which  led  to  a  lowering 
of  their  slopes  and  a  consequent  diminution  of  their  fall.  It  is 
evident  that  the  only  change  which  could  produce  this  would 
arise  from  a  tilting  of  the  land  area  in  which  they  lie.  This 
tilting  might  be  accomplished  by  a  positive  down  sinking  of 
their  head  waters  or  by  a  positive  elevation  of  the  lands  about 
their  mouths;  either  of  these  movements  might  be  local  in 
their  nature  or  they  might  be  a  part  of  a  general  movement  of 
the  continent 

It  is  perhaps  too  soon  to  interpret  the  movements  which  have 
led  to  tnese  peculiarities  in  the  drainage  of  the  two  classes  of 
our  New  England  rivers,  but  in  order  to  secure  a  basis  for  the 
further  study  of  the  facts  I  venture  to  ^ve  the  succession  of 
events  which  my  observations  appear  to  indicate. 

First  as  to  the  origin  of  the  kame  terraces  which  are  by  far 
the  most  conspicuous  as  well  as  the  most  inexplicable  features 
of  our  river  valleys.  I  have  already  incidentally  given  the 
principal  reasons  why  they  are  not  to  be  considered  as  in  any 
way  tne  result  of  river  action.  I  have  stated  that  the  character 
of  their  surfaces  as  well  as  the  order  of  stratification  of  their 
materials  excludes  them  from  the  class  of  fluviatile  deposits. 
A  further  study  of  their  features  shows  us  that  there  are  other 
reasons  why  they  cannot  be  r^arded  as  the  product  of  river 
action.  Deposits  of  essentially  similar  nature  are  found  along 
the  shore  line  at  many  points  between  Portland  and  New  York, 
especially  on  Cape  Cod  and  the  islands  of  Nantucket  and  Mar- 
tha's Vineyard  where  the  supposition  of  river  action  is  quite 
out  of  the  question.  Again  they  are  found  in  the  valleys  of 
our  smaller  lakes  in  positions  where  they  could  never  have 
been  exposed  to  river  currenta  Still  further  they  are,  when 
found  in  the  river  valleys,  in  no  very  definite  relation  to  the 
plane  of  the  stream,  they  lie  at  all  heights  above  its  level  and 
only  for  short  distances  and  accidentally  correspond  in  slope 
with  the  surface  of  true  fluviatile  plains.  I  am,  therefore, 
driven  to  the  opinion  that  these  kame  terraces  were  formed  be- 
neath the  level  of  the  sea  during  the  submergence  which  at- 
tended and  followed  the  stage  of  the  Glacial  period  when  this 
surface  was  deeply  covered  with  ice.  During  the  period  of 
submergence  whicn  endured  for  a  time  after  the  disappearance 
of  the  ice  the  surface  of  the  sea  floor  was  swept  by  strong  cur- 
rents which  tended  to  move  the  detrital  matter  from  the  eleva- 
tions and  accumulate  it  in  the  hollows  of  the  bottom.  The  cur- 
rents which  bore  the  materials  to  the  sea  and  arranged  them  on 
its  floor  were  in  the  main  produced  by  the  sub-glacial  streams 
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which  emerged  from  beneath  the  ice  while  its  base  lay  in  the 
sea.  As  the  sab-glacial  streams  normally  had  their  points  of 
discharge  at  the  lowest  parts  of  the  ice  front,  the  greater  part 
of  the  kame  gravels  were  deposited  in  the  depressions  of  the 
sea  floor  which  have  since  become  river  valleys.  But  a  share 
of  this  debris  found  its  wa^  to  the  higher  lying  districts  and 
occasionally  occupied  positions  on  the  aivides  between  adjacent 
valleys.* 

When  the  surface  of  this  district  rose  above  the  level  of  the 
sea  the  movement  took  place  suddenly  as  is  shown  by  the  pre- 
servation of  the  delicate  features  of  the  kames,  especially  along 
the  sea  shore  as  well  as  by  the  absence  of  old  benches  of  levels 
above  the  plane  of  the  present  shore.  The  elevation  probably 
brought  the  level  of  the  land  to  a  position  considers b^  above 
its  present  altitude,  as  is  shown  by  the  submerged  forests 
along  the  shore  of  Massachusetts  Bay  and  on  Nantucket,  where 
there  has  been  a  down  sinking  of  ten  to  twenty  feet  in  depth 
since  the  post-glacial  elevation. 

During  this  period  of  post-glacial  elevation,  when  this  part 
ef  the  continent  was  somewhat  higher  than  at  present,  the  val- 
leys of  all  the  streams  were,  to  a  greater  or  less  extent,  cleared 
of  their  incumbrance  of  drift  It  is  during  this  period  that  the 
valleys  of  the  rivers  which  flow  from  south  to  north  were  ex- 
posea  to  the  measure  of  erosion  which  we  find  indicated  in 
them.  This  condition  of  the  surface  must  have  endured  for 
some  thousands  of  years  in  order  to  have  permitted  the  removal 
of  such  extensive  masses  of  debris  as  have  been  cleared  from 
these  valleys.  As  before  remarked,  the  erosion  of  these  valleys 
as  far  as  it  is  measured  by  the  abrasion  of  the  original  drift  de- 
posits, the  kame  terraces  and  other  glacial  materials,  is  nearly  if 
not  quite  as  extensive  in  the  valleys  whose  streams  flow  to  the 
northward  as  in  those  that  decline  to  the  south.  It  is  evident 
that  the  elevated  condition  of  the  continent  endured  long  enoueh 
to  permit  the  complete  re-establishment  of  the  drainage  in  the 
drift-encumbered  valleys  of  this  region,  a  process  which  could 
not  have  taken  place  with  the  present  declivity  of  the  streams. 
When  the  change  in  the  position  of  the  land  came  about  it  led 
to  the  relative  lowering  or  the  southern  part  of  New  England 
and  a  corresponding  relative  increase  in  the  height  of  the  north- 
em  part  of  this  section  of  the  shore.  It  is  not  perfectly  clear 
whether  the  movement  actually  lifted  the  northern  districts 
above  their  previous  level  or  no,  but  it  seems  likely  there  was 
a  positive  sinking  of  the  southern  section. 

It  is  probable  that  the  submerged  forests  and  swamps  of 
southern  New  Endand  before  and  afler,  referred  to,  were 
depressed  beneath  the  sea  level  at  the  time  of  this  movement. 

*  Ck>ropare  on  the  Origin  of  Karnes,  bj  N.  S.  Shaler,  Proceedings  Boston  Soa 
Nat.  Hist.,  TOl.  xxiii,  pp.  30-44. 
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The  amount  of  downward  movement  indicated  by  these 
remains  of  submerged  land  plants  cannot  well  be  less  than 
fifteen  feet  It  may  have  much  exceeded  this  amount  It  is 
impossible  to  determine  by  the  scanty  remains  of  these  sub- 
merged  forests  and  swamps,  which  are  disclosed  along  the  shore 
line,  just  how  high  above  the  water  the  surface  which  they 
occupy  stood  before  they  were  lowered  beneath  the  sea.  There- 
fore, although  a  certain  amount  of  subsidence  of  the  region  ap- 
pears to  be  indicated  by  these  submerged  plants,  the  amount  of 
the  movement  can  only  be  determined  by  a  careful  examination 
of  the  valleys  themselvea  Fortunately  the  data  obtainable  in 
this  manner  seem  to  make  an  approximate  determination  of  the 
point  in  question.  The  evidences  of  former  erosion  which 
these  valleys  afford  shows  us  that  at  one  time  their  rivers  bad 
a  rate  of  flow  comparable  in  a  general  way  to  that  of  the  rivers 
which  flow  from  north  to  south.  The  question  is,  how  great 
a  tilting  of  these  basins  would  be  required  in  order  to  bring  the 
streams  to  their  present  condition  of  relative  stagnation  and 
permit  the  development  of  the  swamps  which  now  characterize 
their  basins.  After  the  careful  study  of  these  valleys,  compare 
ing  them  with  those  in  other  districts,  I  am  of  the  opinion  that 
the  tilting  need  not  have  exceeded  two  feet  to  the  mile  to  have 
effected  the  change,  and  that  it  might  have  been  effected  with 
a  somewhat  less  amount  of  alteration  in  the  inclination  of  the 
stream  beds.  The  least  amount  which  would  satisfy  the  con- 
ditions would  be  a  lowering  of  the  inclination  of  the  river  beds 
by  one  foot  to  the  mile.  The  greatest  submergence  which  I 
have  been  able  to  prove  from  the  evidence  of  buried  forests  is 
in  the  region  about  Boston  harbor,  where  it  appears  to  have 
been  somewhere  about  twenty  feet,  rather  less  than  more. 
This  evidence  is  derived  from  some  roots  of  a  species  of  spruce 
obtained  in  Cambridgeport  at  a  depth  of  about  seventeen  feet 
below  high  water,  and  some  traces  of  roots  of  trees  in  their 
natural  position  below  the  level  of  low  tide  mark  in  the  portion 
of  Massachusetts  Bay  near  Lynn.  Now,  from  the  sources  of 
the  Concord  river  to  its  outlet  into  the  Merrimac,  is  a  distance 
of  about  thirty  miles  in  a  direct  line,  and  by  the  sinuosities  of 
the  stream  is  about  forty  miles.  We  see,  therefore,  that  the 
proved  subsidence,  since  the  close  of  the  Olacial  period,  is 
hardly  sufficient  to  account  for  the  change  in  the  condition  of 
the  river,  though  it  represents  at  least  half  the  amount  neces- 
sary to  bring  about  that  alteration. 

The  moderate  amount  of  the  subsidence  which  has  led  to  the 
swampy  condition  of  these  valleys  is  furthermore  indicated  by 
the  fact  that  when  the  tributaries  of  the  embarrassed  streams, 
themselves  flowing  from  south  to  north,  are  so  placed  that  their 
original  descents  were  steep,  they  have  not  had  their  basins 
made  swampy  by  the  change  of  inclination. 
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It  is  clear  that  the  precise  amount  of  this  dislocation  cannot 
be  determined  from  a  study  of  the  streams  themselves  ;  we  can 
only  set  it  in  general  terms  as  equivalent  to  a  diminution  in 
the  rate  of  descent  to  the  amount  of  from  one  to  two  feet  to  the 
mile.  It  is,  however,  clear  from  the  evidence  aflForded  by  the 
valleys  that  the  change  was  in  eflFect  a  downward  tilting  of  their 
southern  enda  This  is  shown  by  the  fact  that  the  encumber- 
ing by  marshes  often  extends  to  the  head-waters  of  the  streams. 
If  the  subsidence  had  consisted  in  an  even  lowering  of  the 
whole  shore  the  result  would  have  been  the  checking  of  the 
current  of  the  rivers  in  the  lower  part  of  their  course  alone.  As 
it  is,  it  has  aflfected  the  movement  of  some  of  their  tributary 
streams  up  to  a  height  of  one  hundred  feet  above  the  sea. 
There  is  a  chance  that  the  amount  of  the  dislocation  may  be 
determined  in  the  manner  pursued  by  Gilbert  in  his  admirable 
work  on  the  lake  basins  of  the  central  and  western  portions  of 
the  continent,  viz:  by  tracing  the  elevated  shore  lines  of 
shrunken  fresh  water  areas.  In  the  essays  which  I  have  made 
towards  the  use  of  this  method  I  have  as  yet  attained  no  suc- 
cess, for  the  reason  that  over  New  England  elevated  shore-lines 
are  rare  and  extremely  indistinct  in  their  outlines.  It  is  likely, 
however,  that  a  careful  study  of  the  numerous  lakes  of  New 
England  which  have  been  partially  drained  since  the  Glacial 
period  will  afford  some  data  for  the  accurate  determination  of 
this  question. 

An  inspection  of  the  best  accessible  maps  seems  to  show  that 
this  encumbering  of  the  valleys  of  the  streams  which  flow  from 
south  to  north,  becomes  less  evident  as  we  recede  from  the 
shore.  It  is  but  slightly  shown  in  the  hill  districts  of  southern 
New  Hampshire,  or  of  central  Massachusetts,  as  well  as  in  the 
Berkshire  hills.  It  will  not  do,  however,  to  conclude  that  this 
tilting  action  did  not  take  place  in  those  districts.  The  onlv 
streams  which  in  that  region  have  a  course  from  south  to  north 
are  of  small  size,  and  rapidly  descend  from  considerable  heights. 
If,  as  seems  likely,  the  amount  of  down  sinking  of  the  level  to 
the  south  did  not  exceed  two  or  three  feet  to  the  mile,  the 
original  slope  of  the  stream  beds  may  not  have  been  so  far 
overcome  as  to  lead  to  the  formation  of  swamps  in  their 
valleys. 

It  need  hardly  be  said  that  this  tilting  movement  was  most 
likely  a  change  which  involved  a  large  part,  if  not  the  whole, 
of  the  glaciated  district  of  the  continent.  The  occurrence  of 
such  a  movement  is  sufficiently  proved  by  the  position  of  the 
post-glacial  beds  containing  marine  fossils  along  the  shore  from 
northern  New  England  to  Greenland,  as  well  as  by  the  evidence 
obtained  by  Gilbert  from  the  old  shores  of  Lake  Ontario. 
These  observations  above  recounted  on  the  northward-flowing 
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streams  come,  therefore,  as  a  corroboration  of  an  hypothesis 
which  has  perhaps  sufficient  verification  from  other  evidence. 
The  chief  interest  of  the  facts  indicated  by  the  valleys  we  have 
been  discussing  is  that  they  give  an  approximate  measure  of 
the  amount  of  dislocation  of  the  continent  on  the  southern  part 
of  New  England,  and  that  they  apparently  show  that  the  down- 
tilting  took  place  in  relatively  recent  times,  and  after  a  period 
of  elevation  during  which  the  streams  had  steeper  slopes  than 
they  at  present  exhibit. 

I  venture  to  suggest  that  the  uplifting  probably  took  place 
during  the  period  of  retreat  of  the  New  England  glacial  sheet, 
and  before  the  ice  had  passed  away  from  ihe  northern  part  of 
the  continent,  and  that  the  down  tilting  occurred  when  the  ioe 
had  been  in  good  part,  if  not  completely,  removed  from  the 
northern  regions.  It  seems  to  me  not  improbable  that  the  up* 
ward  movement  which  followed  the  retreat  of  the  ice  was  due 
to  the  removal  of  its  weight  from  the  surface  of  the  continental 
arch.  Assuming  this  to  have  been  the  case  then  we  can  easily 
imagine  that  in  the  re^on  which  was  at  a  certain  distance  to 
the  south  of  the  retreating  glacial  escarpment  would  be  tem- 
porarily elevated  by  the  counter  thrust  arising  from  the  weisht 
of  the  neighboring  ice.  We  may  aid  ourselves  in  forming  this 
conception  by  the  somewhat  similar  case  in  which  the  surface 
of  a  peat  bog  rises  above  its  original  level  around  the  part 
which  is  weighted  down  by  the  filling  of  a  roadway.  It  is  easy 
to  see  that  if  we  should  remove  the  weight  which  produces  the 
counter- thrust  the  elevated  surface  would  tend  to  resume  its 
original  level. 

We  may  thus  conceive  the  succession  of  movements  which 
have  led  to  the  present  condition  of  our  streams  flowing  from 
north  to  south,  as  follows,  viz :  1st.  The  subsidence  of  the 
land  surface  under  the  weight  of  the  ice  to  a  depth  below  the 
level  of  the  sea.  2d.  With  the  retreat  of  the  ice,  a  recflevation, 
in  a  sudden  manner,  to  a  height  much  above  the  level  of  the 
sea.  Sd.  With  the  disappearance  of  the  ice  from  the  continent 
a  readjustment  of  its  position  and  a  consequent  lowering  of  the 
southern  portion  of  the  glaciated  area.  It  is  not  likely  that  in 
the  readjusted  condition  of  the  continent  all  parts  are  equally 
elevated  or  equally  lowered.  The  present  levels  of  the  sev- 
eral divisions  of  the  continental  area  would  probably  be  deter- 
mined by  complicated  equations  of  thrusts,  and  it  is  probable 
that  in  this  way  we  may  explain  the  fact  that  certain  of  the 
lesser  valleys  of  New  England  show  little  effect  from  the  tilting 
movement  which  in  immediately  contiguous  areas  has  had  a 
great  influence  in  the  flow  of  the  streams.  I  have  observed  the 
fact  that  in  the  hills  of  Mt.  Desert  we  have  evidence  which  goes 
to  show  a  rising  of  the  shorelands  from  the  sea  by  a  succession 
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of  aplifts,  each  separated  from  the  others  by  a  period  in 
which  the  land  remained  in  the  same  relative  position  to  the 
sea  for  a  period  of  time  sufficiently  long  to  permit  the  waves  to 
excavate  a  strongly  marked  bench  while  in  the  intermediate 
sections  the  elevation  took  place  so  rapidly  that  the  drift  coat- 
ing was  not  swept  away  from  the  rock&  It  seems  at  present 
likely  that  these  benches  on  Mt  Desert  do  not  correspond  with 
any  similar  coast  lines  in  the  southern  part  of  New  England.  If 
this  is  proved  to  be  the  case  then  we  have  evidence  that  the 
rate  and  manner  of  upward  movement  were  very  diverse  in 
regions  which  are  close  together. 

Altboueh  in  this  paper  I  propose  to  limit  the  matter  of  in- 
quiry in  Uie  main  to  the  postglacial  changes  which  have  come 
upon  the  valleys  of  the  northward-flowing  streams  it  may  be 
noticed  that  the  facts  above  referred  to  throw  much  light  upon 
the  preglacial  altitude  of  the  continent.  These  river-valleys 
retain  the  general  form  which  they  had  before  the  last  glacial  ice 
began  to  act  upon  them,  they  pursue  their  present  courses  be- 
cause their  flow  is  mainly  determined  by  the  existence  of  the 
pre-glacial  river  valleys  in  which  they  lie.  It  is  clear  that  these 
valleys  could  not  have  been  excavated  by  streams  of  their  pres- 
ent slope,  it  seems,  therefore,  necessary  to  assume  that  the 
descent  of  the  northward  flowing  rivers  must  have  been  more 
rapid  in  the  pre-glacial  times  than  it  is  at  present,  or,  in  other 
words,  this  part  of  the  continent  was  at  that  time  relatively  less 
elevated  in  its  northern  parts  than  it  is  at  present 


Abt.  XXV. — On  the  Mazapil  Meteoric-irony  which  fell  November 
27th,  1886;*  by  William  Earl  Hiddbn. 

Among  the  large  number  of  meteoric  irons  which  have  been 
described,  only  eightf  are  recorded  as  having  been  seen  to 
fall.  It  is  my  privilege  to  be  able  to  add  a  ninth  fall  to  tliis 
short  list,  and  one  which  may  prove  to  be  of  exceptional  scien- 
ti6c  importance.  This  mass  of  meteoric  iron  I  received  in 
August  last  as  a  gift  from  my  friend,  Professor  Jos6  A.  y 
Bonilla,  Director  of  the  Astronomical  Observatory  at  Zacatecas, 
Mexico.  He  stated  that  it  was  seen  to  fall  at  about  9  P.  M.  on 
the  27th  of  November,  1885,  during  the  periodical  star-shower 
of  the  "Bielids."     Such  is  the  great  interest  of  this  meteorite, 

*  This  meteorite  was  first  annonnoed  on  Jan.  17,  1887,  before  the  New  York 
Academy  of  Soienoes,  at  a  regular  meeting. 

f  Agram,  Croatia,  Maj  26,  1751 :  Charlotte,  Dickson  Co.,  Tenn.,  Aug.  1,  1835 ; 
Brannau,  Bohemia,  July  14,  1847;  Tabarz,  Saxony,  Oct.  18,  1854;  Victoria-West, 
Africa,  in  1862;  Nejed,  Arabia,  spring  of  1865;  NedagoUa,  India,  Jan.  23,  1870; 
Rowton,  Shropshire,  England,  April  20,  1876.  See  the  catalogue  of  the  meteor- 
ites in  tiie  Mineral  Department  of  the  British  Museum,  by  L.  Fletcher,  p.  42. 


Digitized  by 


Google 


222  W.  E.  Eiddm—MazapU  Meteori(yi/r(m. 

as  shown  by  its  history,  that  I  have  delayed  announcing  it  until 
the  evidence  of  its  fall  had  been  substantiated  as  thoroughly  as 


The  general  freshness  of  surface,  which  shows  very  perfectly 
the  flow  of  the  melted  crust;  the  presence  of  unusually  large 
nodules  of  a  very  compact  graphite;  the  very  slight  superficial 
oxidation,  and  its  dissimilarity  toother  meteorites  of  the  region, 
are  all  interesting  features  of  this  iron,  and  serve  to  confirm  the 
statement  of  its  recent  fall.  When  received  it  weighed  about 
8950  grams.  Its  present  weight  is  8864  grams,  or  ten  pounds 
four  and  one-quarter  ounces,  troy.  Its  greatest  length  is  176 
millimeters,  as  measured  diagonally  across  the  mass.  In  its 
thickest  part  it  measures  about  60  millimeters.  It  could  be 
described  as  a  flat  irregular  mass,  covered  with  deep  depressions, 
having  a  smooth  surface.     (See  figure  1.) 

The  evidence  of  the  fall  is  set  forth  in  the  following  com- 
munication from  Professor  Bonilla. 

(Translation). — "It  is  with  ereat  pleasure  that  I  send  to  you 
the  Uranolite  which  fell  near  Mazapil,  during  the  night  of  the 
2Yth  of  November,  1885.  That  you  may  the  better  appreciate 
the  great  scientific  interest  which  this  uranolite  possesses,  I  will 
state  that  everything  points  to  the  belief  that  it  belongs  to  a 
fragment  of  the  comet  of  Biela-Gambart,  lost  since  1852.    I  here 

five  you  the  history  of  this  celestial  wanderer.  On  the  second 
ay  of  December  (1885)  I  received,  to  my  great  delight,  from 
Eulogio  Mijares,  who  lives  on  the  Conception  Ranch,  13  kilo- 
meters to  the  east  of  the  town  of  Mazapil,  a  uranolite,  which  he 
saw  fall  from  the  heavens,  at  nine  o'clock  on  the  evening  of  the 
27th  of  Nov.,  1885.  The  fall,  simply  related,  he  tells  as  follows, 
in  his  own  words  : — 

"  *  It  was  about  nine  in  the  evening  when  I  went  to  the  corral  to 
feed  certain  horses,  when  suddenly  I  heard  a  loud  sizzing  noise, 
exactly  as  though  something  red-hot  was  being  plunged  into  cold 
water,  and  almost  instantly  there  followed  a  somewhat  loud  thud. 
At  once  the  corral  was  covered  with  a  phosphorescent  light  and 
suspended  in  the  air  were  small  luminous  sparks  as  though  from 
a  rocket.  I  had  not  recovered  from  my  surprise  when  I  saw  this 
luminous  air  disappear  and  there  remained  on  the  ground  only 
such  a  light  as  is  made  when  a  match  is  rubbed.  A  number  of 
people  from  the  neighboring  houses  came  running  toward  me 
and  they  assisted  me  to  quiet  the  horses  which  had  become  very 
much  excited.  We  all  asked  each  other  what  could  be  the 
matter,  and  we  were  afraid  to  walk  in  the  corral  for  fear  of 
getting  burned.  When,  in  a  few  moments,  we  had  recovered 
n*om  our  surprise,  we  saw  the  phosphorescent  light  disappear, 
little  by  little,  and  when  we  had  brought  lights  to  look  for  the 
cause,  we  found  a  hole  in  the  ground  and  in  it  a  ball  of  light* 
We  retired  to  a  distance,  fearing  it  would  explode  and  hai*m  us. 

"*  Unaboladelumbre:' 
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Looking  ap  to  the  sky  we  saw  from  time  to  time  exhalations  or 
stars,  which  soon  went  out,  but  without  noise.  We  returned 
after  a  little  and  fonnd  in  the  hole  a  hot  stone,  which  we  could 
barely  handle,  which  on  the  next  day  looked  like  a  piece  of  iron ; 
all  night  it  rained  stars  but  we  saw  none  fall  to  the  ground  as 
they  seemed  to  be  extinguished  while  still  very  high  up.' 

^'The  above  is  the  simple  recital  of  the  ranchman,  and  the 
uranolite  which  fell  is  the  one  I  send  to  you.  From  the  numer- 
ous questions  I  have  asked  Sr.  Mijares,  I  am  convinced  that  there 
was  no  explosion  or  breaking  up  on  falling.  Others  who  saw 
the  phosphorescence,  etc.,  were  Luz  Sifuentes,  Pascual  Saenz, 
Miguel  Martinez,  Justo  Lopez  and  some  whose  names  I  have  not 
obtained. 


Map  of  Mazapil,  Mexico,  and  vicinity. 

"  Upon  visiting  the  place  of  the  fall  (see  accompanying  map  of 
the  northern  section  of  Mazapil  in  the  State  of  Zacatecas)  I  was 
particular  to  examine  the  earth  in  and  around  the  hole,land  by 
careful  search  and  washing  the  earth  I  found  a  few  small  bits  of 
iron,  which  must  have  become  detached  from  the  uranolite  when 
it  penetrated  the  earth.  -, 

'*  The  hole  was  thirty  centimeters  deep.  Probably  the  light 
which  was  seen  came  from  the  volatilization  of  the  surface  of  the 
celestial  body  due  to  the  high  temperature  acquired  by  friction 
with  the  atmosphere,  and  of  this  volatilized  matter  falling  to  the 
earth  as  au  incandescent  powder." 

The  above  communication  was  followed  by  an  account*  of 

*  For  full  text  of  which,  see  Annals  of  N.  Y.  Acad.  ScL,  for  1887  (now  in  press). 
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the  observation  of  the  Biela  meteors  at  Zacatecas  by  Professor 
BoDilla  and  his  assistants. 

The  locality  of  the  fall  is  situated  in  latitude  24*"  35'  North 
and  in  longitude  101°  56'  45''  West  of  Greenwich. 

That  no  explosion  was  heard  when  this  iron  fell,  is  paralleled 
by  the  account  of  the  fall  of  the  fifty-six  pound  aerolite  near 
Wold  Cottage,  Yorkshire,  England,  on  Dea  13th,  1795.  "  This 
stone  fell  within  ten  yards  of  where  a  laborer  was  at  work. 
No  thunder,  lightning,  or  luminous  meteor  accompanied  the 
fall ;  but  in  two  of  the  adjacent  villages,  the  sounds  were  so 
distinct  of  something  passing  through  the  air  towards  Wold 
Cottage  that  several  people  went  to  see  if  anything  extraordin- 
ary had  happened  to  the  house  or  the  grounds."  (L.  Fletcher, 
An  Introduction  to  the  study  of  Meteorites,  1886,  p.  22).  Con- 
cerning the  aerolites  which  fell  at  11.50  A.  li.,  on  June  28, 

1. 


Mazapil  Meteoric  Iron.     Wt.  10  lbs.  4^  oz.  Iroy  (f  natural  size.) 

1876,  at  Stalldalen,  in  Sweden,  **it  is  remarkable  that  no 
meteor  was  visible  at  the  place  where  the  stones  fell,  though 
it  was  seen  over  nearly  all  Sweden." 

The  surface  of  the  Mazapil  iron  is  of  great  interest  The 
deeply  hollowed  depressions  entirely  cover  the  mass  (see  figure 
1).     A  thin  black  crust  coats  the  surface,  and  exhibits  well 
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the  striflB  of  flow,  as  seen  on  meteorites  whose  fall  has  been 
observed.  In  eleven  places  nodules  of  graphite  are  noticed 
extruding  from  the  surface  (the  engraving  shows  some  of  these), 
one  of  them  is  nearly  an  inch  in  diameter.  The  graphite  is 
very  hard  and  apparently  amorphous;  troiliteand  schreibersite 
were  noticed  on  a  section  cut  oflf  for  analysis  and  for  the 
development  of  the  figures  of  Widmanstatten.  The  crystalline 
structure   (fig.   2)   is    well  2. 

shown  in  the  engraving 
(Ives'  process)  which  is  of 
natural  size.  The  lines  are 
somewhat  similar  to  those 
of  the  Rowton  iron,  in  their 
width  and  distribution,  and 
are  very  unlike  the  known 
Mexican  irons  from  Toluca, 
Durango,  Coahuila,  etc. 

In  its  surface  and  general 
flatness,  the  mass  bears  a 
remarkable  resemblance  to  Section  of  Mazapil  Meteoric  Iron 

the  Hraschina,  Agram  iron*  (natural  size.) 

which  fell  May  26th,  1751.  In  its  weight  it  is  nearly  like  the 
Irons  of  Rowton  (7f  lbs.),  Charlotte  (9|  lbs.),  Victoria-west  (6 
lbs.  6  oz.),  and  Nedagolla  (9f  lbs.),  which  were  all  seen  to  fall. 

Mr.  J.  B.  Mackintosh  has  kindly  analyzed  a  small  fragment 
with  the  following  results,  which,  for  comparison  with  other 
irons,  seen  to  fall,  1  have  placed  in  tabular  form : — 

Mazapll. 
Mackintosh. 

Iron 91-26 

Nickel 7-846 

Cobalt 0-653 

Phosphorus  .,  0*30 

100-058     100-203        99-98         99-902 

Carbon  is  distributed  all  through  the  iron  between  the  crystal- 
line plates,  and  it  is  noteworthy  that  this  element  was  observed 
with  the  spectroscope  as  present  in  the  **  Bielids"  of  Nov.  27th, 
1886.  Chlorine  is  also  present  and  shows  itself  by  a  slight 
superficial  deliquescence.  Of  this  latter  I  will  state  that  most 
of  the  surface  oxidation  of  the  ferrous  chloride  hns  occurred 
since  August  last.  As  yet  no  tests  have  been  made  to  ascer- 
tain the  amount  of  occluded  gases,  or  to  analyze  the  graphite 
nodules,  and  it  is  probable  that  such  analyses  give  only  results 

*  See  Beytrage  zur  Geschichte  und  Kenntniss  meteorischer  Stein*  und  Metal- 
maaeen,  by  Dr.  Carl  von  Schreibers,  Wien,  1820,  plate  VIII. 

f  Fell  May  10,  1879  and  contains  embedded  nodules  of  nickeliferous  iron  sur- 
rounded by  silicates. 


Rowton. 

Charlotte. 

EBtheryille.f 

Flight. 

Smith. 

Smith. 

91-25 

9115 

9200 

8-582 

8-06 

710 

0-371 

0-72 

0-69 



0-06 

0-112 
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similar  to  those  already  obtained.  Over  the  mass,  where  the 
crust  has  been  accidentally  removed,  the  lines  of  crystallization 
(Widmanstatten  figures)  can  readily  be  traced  without  etching 
the  surface.     The  abrasion  due  to  impact  was  very  slight. 

In  conclusion,  we  cannot,  from  the  very  circumstantial 
account  of  the  fall,  which  in  several  paticulars  contains  hereto- 
fore unrecorded  observances,  and  the  corroborative  evidence  of 
the  iron  itself,  decline  to  receive  this  meteorite  as  the  ninth 
recorded  fall  of  an  iron  mass  to  the  earth ;  and  perhaps  at 
another  period  of  the  November  **  Bielids,"  this  fall  will  be 
confirmed  in  all  its  interesting  details.  The  interest  connected 
with  this  meteorite,  because  of  its  beautifully  marked  and  fresh 
surface,  is  enhanced  by  the  concurrence  of  the  time  of  its  fall 
with  the  shower  of  the  Biela  meteors. 

I  wish  to  express  here  my  deep  obligation  to  Professor 
Bonilla  for  the  interesting  data  concerning  this  meteorite,  and 
for  the  gift  of  the  meteorite  itself,  and  to  Mr.  Mackintosh  also, 
for  his  kind  interest  in  making  the  chemical  analysis. 


Art.  XXVL— On  Observations  of  the  Eclipse  of  1887,  Aug.  18, 
in  connection  with  the  Electric  Telegraph  ;  by  Professor  David 
P.  Todd,  M.A.,  Director  Amherst  College  Observatory. 

In  the  proceedings  of  the  American  Academy  of  Arts  and 
Sciences  for  1881,  at  page  859, 1  suggested  the  use  of  the  elec- 
tric telegraph  during  total  solar  eclipses,  and  showed  the  appli- 
cability of  the  proposed  scheme  of  observation  to  the  eclipse  of 
1882,  May  16.  Had  this  suggestion  been  adopted,  it  is  easy 
to  see  how  the  unique  discovery  of  a  comet  by  the  Egyptian 
observers  might  have  been  verified,  and  important  data  obtained 
regarding  the  orbit  of  an  object  now  lost  Interesting  as  such 
data  would  have  been,  however,  they  have  slender  importance 
in  comparison  with  the  results  in  solar  research  possibly  attain- 
able through  the  adoption  of  the  proposed  methoa  of  telegraphic 
transmission  of  important  observations  eastward  alon^  the  path 
of  central  eclipse.  In  the  same  paper,  I  alluded  to  the  eclipse 
of  the  coming  summer  as  affording  the  most  auspicious  oppor- 
tunity of  the  present  century  for  the  application  of  the  tele- 
graphic method,  and  it  may  be  hoped  that  an  attempt  will  be 
made  toward  getting  gfomething  out  of  the  suggestion  on  this 
occasion,  as  I  learn,  in  a  late  letter  from  Dr.  S.  von  Glasenapp, 
Professor  of  Astronomy  in  the  Imperial  University  of  St 
Petersburg,  that  the  Russian  telegraph  service  may  be  expected 
to  give  the  use  of  its  lines  at  this  time  for  astronomical  pur- 
poses. Accompanying  his  letter,  Dr.  Glasenapp  sends  also  the 
subjoined  list  of  possible  observing  stations  where  telegraphic 
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communication  is  at  hand.  By  plotting  these  upon  a  map,  anyone 
may  see  the  remarkably  close  coincidence  of  the  path  of  totolity 
with  the  extended  lines  of  the  Russian  overland  tel^raph. 

Lift  of  towns  and  plaees  toith  Telegraphic  Stations  (longitudes  from 
Orienwieh)  where  the  central  edipse  o/  Aug,  IS,  1887,  may  be  seen, 

(The  places  marked  with  an  asterisk  *  lie  very  near  the  central  line.) 


Place. 

1.  Yelikije  Lonki 

2.  ToropetE, 
•3.  Beloi, 

4.  Sytchefka, 
♦6.  I§ew, 

♦6.  Zonbzoff, 
♦7.  Stanza, 

8.  Ejatsk, 

9.  Torjokjf 

10.  Twer, 

11.  Volokolamsk, 

12.  Mojaisk, 

13.  Rousa, 

14.  Klion, 

15.  Kortcheya, 

16. 
IT. 
18. 
19. 
♦20. 

21. 
♦22. 
23. 
24. 
25. 

26. 
27. 
28. 
29. 
30. 

31. 
♦32. 
33. 
34. 
35. 

36. 
♦37. 
♦38. 

39. 

40. 


BmitrofE, 

Kashinn, 

Ealiasinn, 

Alexandroff, 

Pereiaslawl-Salesky, 

Eirjatch, 

Petrowsk, 

RoBtoff, 

Turiefl-Podolsky, 

Taroslawl, 


N.Ut.  S.loiig. 
66'2r  30*30' 
56  29  30  38 
55  53  30  55 

55  50  34  17 

56  16  34  20 

56  10  34  35 

56  31  34  56 

55  33  35  0 

57  2  34  57 

56  22  35  55 

56  2  35  57 

55  31  36  11 
54  42  36  12 

56  20  36  44 
56  47  36  51 

56  21  37  31 

57  22  37  37 
57  15  .37  53 
56  24  38  44 
56  43  38  49 

56  10  38  52 

57  1  39  16 
57  1 1  39  25 

56  21  39  41 

57  37  39  54 


Gawrilowsky  Poesad,  56  30  40  41 

Souzdal,  56  25  40  27 

Piszowo,  57  11  40  30 

Nerehta,  57  28  40  34 

Lejneff,  56  44  41  18 

Kostroma,  57  46  40  56 

Tsanoff-Yosnesensk,  56  50  41  24 

Kowroff,  56  23  41  18 

Shouia.  56  51  41  23 

Pless,  57  27  41  33 


41. 
42. 
43. 
44. 
♦45. 


Soudislaff, 

Kineshma^ 

Turie  wetz-  Podolsk  j, 

Poutchejf, 

Katounki, 

Gtorodez, 

Makarieff  na  Oung^, 

Seraenoff, 

Baki, 

YarnawiTin, 


57  53  41  42 
57  28  42  10 
57  19  43  8 
56  59  43  11 
56  50  43  15 

56  39  43  29 

57  53  43  49 

56  47  44  29 
67  10  45    0 

57  23  45    3 


Place. 
46.  Yoskreeenskoe, 
♦47.  Yetlouga, 

48.  Taraosk, 

49.  Kotelnitch, 

50.  Orlofl, 


N.Ut.  B.lonir. 
56'53'  46*22' 
57  51    45  48 

57  18    47  53 

58  18    48  22 
58  32    48  56 


61.  Yiatka  58  36 

52.  Nolinsk,  57  33 

63.  Slobodskoi,  58  44 

54.  OmoutDinsky  Zayod,  58  40 

♦65.  Glasolf,  58    8 


56.  Debessy, 

57.  Ohansk, 

58.  Perm, 

59.  Eoongoor, 
♦60.  Choossowaia, 


57  38 

57  43 

58  1 
67  26 
58  1 


49  41 

49  56 

50  12 
52  33 
52  41 

54  0 

55  23 

56  16 

56  58 

57  30 


♦61.  Cooshwinsky  Zayod,  58  1  59  12 
♦62.  Yerhne-Toorinsky 

Zavod,  58  30  59  30 

♦63.  Nijne-Toorinsky 

Zavod,  58  40  59  45 

64.  Nijne-Tagil8kyZavod,68    3  60  19 

65.  Yerhotoorie,  58  51  60  48 


66.  Trbit, 

67.  Toorinsk, 
♦68.  Tobolsk, 

69.  Tomsk, 

70.  Eolgonskaia, 

71.  Mariinsk, 
♦72.  Atchinsk, 
♦73.  ErasDoiarsk, 
♦74.  Ooiarskaia. 

75.  Kansk, 

76.  BirusiQskaia, 

77.  Nijne-sodinsk, 

78.  Tooloonowskoe, 

79.  Kimilteiskoe, 

80.  Cheremhowskoe, 

81.  Trkootsk, 

82.  Mansoorskaia, 

83.  Cabanskoe, 

84.  Yerhneoodiusk, 

85.  Ooolskaia, 

86.  Posfliet, 

87."  Nowgorodskaia, 


57  30 

58  3 
58  12 
56  ."lO 
56  25 

56  18 
56  16 

55  1 
54  50 

56  12 


63  0 
63  40 
68  13 
84  56 

86  10 

87  44 
90  30 
92  50 

94  20 

95  39 


54  50  97  5 
54  55  99  2 
54  40  99  52 
54  10  100  30 
53  10  102  15 

52  16  104  16 

53  45  106  0 
52    2  106  15 

51  50  107  36 

52  12  109  47 

42  55  120  40 
42  50  120  50 


12  kilometers  from  Torjok  is  the  private  observatory  of  (General  Majeffsky. 
:  2  kilometers  from  Kineshma  is  the  private  observatory  of  Professor  Bredichin. 
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To  this  already  very  long  and  favorable  list  of  places,  we 
might  add  several  stations  in  Japan,  at  which  telegraphic  con- 
nection might,  by  suitable  prearrangement,  be  without  doubt 
secured. 

As  Dr.  Qlasenapp  remarks,  the  coming  eclipse  will  afford  a 
good  occasion  for  astronomers  to  observe  the  phenomena  in 
cooperation,  and  this  cooperation  may  become  very  extended, 
if  the  telegraph  is  used  in  the  manner  proposed. 


Art.  XXVII. — On   two  new   Meteorites  from  Carroll   County^ 
Kentucky^  and  Catorze,  Mexico;  by  George  F.  Kunz. 

Two  meteorites  have  recently  come  to  me  for  description, 
which  are  of  more  than  ordinary  interest,  both  on  account  of 
their  peculiar  composition  and  structure,  and  also  because  of 
their  ethnological  relations.  The  mass  from  Carroll  County, 
Kentucky,  is  especially  interesting  because  of  its  probable  con- 
nection with  the  meteoric  iron  found  in  the  Turner  mounds. 

1.  Carroll  County,  Kentucky,  Meteorite. — In  the  spring  of  1883, 
Professor  F.  W.  Putnam  found  on  the  altar  of  mound  No.  3  of 
the  Turner  group  of  mounds  in  the  Little  Miami  Valley,  Ohio, 
several  ear  ornaments  made  (see  fig.  1)*  of  iron  and  several 
1.  others  overlaid    with    iron. 

With  these  were  also  found 
a  number  of  separate  pieces 
that  were  thought  to  be  of 
iron.  They  were  covered 
with  cinders,  charcoal,  pearls 
(two  bushels  were  found  in 
this  group  of  mounds),  and 
other  material  cemented  by 
an  oxide  of  iron,  showing 
that  the  pieces  had  been  sub- 
jected to  a  high  temperature. 
On  removing  the  scale  Dr. 
Kennicutt  found  they  were 
made  of  iron  of  meteoric- 
origin.f  One  of  the  pieces 
weighed  28  and  another  52  grams. 

In  the  autumn  of  1883,  another  mass  was  found  on  the  altar 
of  mound  No.  4  of  this  same  group,  which  weighed  767*5 
grams  (27i  ozs.)-  Dr-  Kennicutt  su^^gests  that  these  were  all 
parts  of  some  larger  meteoric  mass.     The  results  of  the  inves- 

♦  I  am  indebted  to  Professor  Putnam  for  the  cute  from  which  figures  1  and  6 
are  printed,  as  also  for  the  information  he  has  kindly  furnished  me. 
t  16-17  Report  of  Peabody  Museum  of  Archaeology,  p.  382. 
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tigation  were  published  in  connection  with  the  description  of 
the  Atacama  meteorites,  because  in  structure  they  approached 
more  closely  to  the  latter  than  to  those  of  any  other  occurrence. 
In  ihe  Liberty  group  of  mounds  in  the  same  valley,  Professor 
Putnam  found  a  celt  five  inches  long,  and  in  another  of  the 
Turner  mounds,  an  ornament  five  inches  long  and  three  inches 
wide,  made  also  of  this  same  meteoric  iron. 

It  was  not  until  after  the  above  masses  had  been  found  that 
the  Carroll  County  meteorite  was  brought  to  my  notice;  after 
a  careful  comparison  I  have  reached  the  conclusion  that  the 
irons  from  the  Ohio  mounds  and  the  Carroll  County  meteorite 

2. 


Carroll  Comity  Meteorite,  upper  side,  \  natural  size, 
probably  belong  to  one  and  the  same  meteoric  fall.  Either  the 
former  was  broken  from  the  main  mass  by  the  mound-builders 
or  they  were  all  fragments  of  the  same  fall  scattered  as  were 
the  Estherville  meteorites,  or  as  suggested  by  Dr.  J.  Lawrence 
Smith,  those  of  Coahuila,  and  further,*  bv  Huntington,*  the 
Sevier,  Cocke  County,  and  Jenny's  Creek  irons. 
*  This  Journal,  III,  xxziii,  p.  1 15. 
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The  Carroll  County  meteorite  was  found  in  1880,  about  f  of 
a  mile  from  Eagle  Station,  Carroll  County,  Kentucky,  ten 
miles  from  the  mouth  of  the  Kentucky  Eiver  and  about  seven 
miles  in  a  direct  line  from  both  the  Kentucky  and  the  Oliio 
Rivers.  The  distance  to  the  Turner  mounds,  where  Professor 
Putnam  found 'the  meteoric  iron  and  the  ornaments  made  of  it, 
is  about  60  miles.  The  mass,  which  weighs  about  80  lbs.  or 
36*6  kilos  (figs.  2  and  3),  is  almost  square,  measuring  19*"  (7^- 

3. 


Carroll  County  Meteorite,  lower  side,  \  natural  size. 

inches)  in  thickness,  22°"  (10  inches)  in  width  and  29^  (12 
inches)  by  29*^,  12  inches  in  length.  The  surface  is  rusted  in 
some  places  to  a  depth  of  10  to  12"™°',  and  deep  pits,  some  2*^ 
across,  are  observed  in  spots  where  grains  of  olivine  have  prob- 
ably dropped  out.  All  of  the  original  crust  has  disappeared. 
The  mass  is  largely  made  up  of  fine  yellow,  transparent  olivine, 
resembling  closely  that  of  the  famous  Pallas  iron.  This 
meteorite  belongs  to  the  siderolites  or  **  syssid^res"  of  Daubr^e, 
and  the  Pallasite  group. 

Figure  4  shows  three  sections  of  the  Carroll  County  mass,  the 
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4. 


Sections  of  the  Carroll  Oountj  Meteorite.    Natural  size. 

light  portions  representing  the  iron  and*  the  dark  portions  the 
olivine.  Figure  5  shows  a  similar  section  made  by  Dr.  L. 
Kennicutt,  of  the  Turner  Mound  mass.     The  specific  gravities 


Section  of  the  iron  fh>m  the  Turner  Mounds. 

of  the  three  sections  figured  are  given  below,  with  those  of  the 
Atacama  and  Turner's  Mound  meteorites. 


N^o.       Carroll  County. 

Turner's  Mound. 

Atacama. 

1 4-21    )  mean 

472 

4-;i6 

2  — .4-379  [ 

3. ...4-66     \*^^ 

Taking  the  specific  gravity  of  the  iron  at  7*6,  and  that  of  the 
olivine  at  8*3,  we  find  that  all  of  these  meteorites  consist  of 
about  three  parts  of  olivine  to  one  part  of  iron.  The  iron  in 
the  Carroll  County  meteorite  is  scarcely  more  than  sufficient  to 
hold  the  mass  together  securely,  as  the  olivine  is  in  so  much 
larger  crystals  than  in  the  Atacama  meteorite.  On  etching, 
small,  fine  Widmanstlttten   markings  are  produced.     By  re- 
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fleeted  light  minute  orystals  of  broDzite  ean  easily  be  recog- 
nized, and  analysis  showed  the  presence  of  chromite  in  fine 
grains  and  a  very  small  quantity  of  schreibersita  The  analy- 
ses of  the  olivine  and  iron  were  kindly  famished  by  Mr.  James 
B.  Mackintosh  of  Lehigh  University.  The  sample  of  the  iron 
taken  was  selected,  as  he  states,  as  carefully  as  possible,  to 
ensure  purity,  but  it  was  found  impossible  to  free  it  entirely 
from  earthy  matter.  The  sample  of  olivine  was  also  somewhat 
contaminated  with  foreign  matter. 


Olivine, 
SiO, 
Mg6 
FeO 
MnO,  CoO 

1. 

37-90 

41-65 

19-66 

0-42 

la. 
a =3-47. 

39-36 
[41-83]* 

18-81 

• 

100-00 

• 

1 

Fe 

Ni 

Co 

P 

SiO, 

Mg6 

Chromite 

Bj  difference. 

2. 
^etalUo  Port 

73-44  or 
14-27 

0-95 

0-06 

4-23 

4-69 

0-90 

Hon. 
Fe 
Ni 
Co 
P 

Olivine 
Chromite 

71-73 

14-27 

0-95 

0-05 

1112 

0-90 

99-63 

99-02 

98-63 

The  balance  in  the  last  analysis  is  oxygen  in  the  form  of  iron 
oxide,  and  undetermined  constituents.  For  the  pure  metallic 
portion  we  obtain  then  A  below,  or  B  on  the  assumption  that 
the  deficiency  in  the  analysis  is  chiefly  ox/gen  combined  with 
iron  as  magnetic  oxida 

A.  B. 

Fe  82-45  81-92 

Ni  16-40  16-90 

Co  1-09  1-12 

P  0-06  0-06 


100-00 


100-00 


For  comparison,  analyses  of  the  olivine  and   iron  from  the 
Turner  mound  and  Atacama  meteorites  are  added. 

Olivine. 


Turner  Mound.* 

Atacama.f 

Iron. 

G.=3-336. 

G.SS3-33. 

Turner  Mound.* 

Atacama.^ 

SiO          40-02 

....        36-92 

Fe 

89-00 

88-01 

FeO        l4-0rt 

Fe,0,      17-21 

Ni 

10-65 

10-25 

MnO        0-10 

Mn,0,       1-89 

Co 

0-45 

0-70 

MgO      45-60 

....       43-90 

Cu 

tr.      • 

-  -  -  - 

P 



0-33 

Na 



0-21 

E 



0-15 

*  Kenniouttt  loo.  cit.  f  Scbmid,  Pogg.  Ann.,  Ixxziv,  601. 

X  Buchner,  Die  Meteoriten,  Giessen,  p.  195,  1869. 
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2.  Oatorze  meteorite. — The  Catorze  mass  (fig.  6),  weighing  92 
lbs.,  was  found  by  a  miner  near  Catorze,  San  Lais  Potosi, 


9 
s 


I 


Mexico,  in  1886.  It  is  81-5«"  (12*  inches)  long,  84-6"»  (181 
inches)  wide,  and  20**™  (8  inches)  thick.  It  showsj  beautiful 
raised  octahedral  markings.  On  one  side  an  opening  9^  (8* 
inches)  long  has  been  made,  and  a  piece  of  a  chisel  of  native 
copper  left  wedged  in  it  (fig.  7).  This  piece,  which  is  partially 
covered  with  oxide  of  copper,  is  22"*°*  (f  inch)  long  on  one  side, 
33min  (ij  i^^ij)  Qjj  i-he  other,  and  14°*°*  wide. 
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7. 


Gatorze  Meteorite,  showing  copper  cbisel  (c) ;  natural  size. 

This  iron  is  one  of  the  Caillite  group  of  Stanilas  Meunier 
and  shows  the  Widmanstatten  lines  very  finely  (see  fig.  8), 

8. 


Catorze  Meteorite,  Widmanstatten  Figures ;  natural  size. 

It  resembles  the  irons  of  Augusta  County,  Virginia,  of  Qlorieta 
Mountain,  and  others  of  this  group.  No  troilite  was  observed, 
the  mass  having  been  cut  very  little,  and  schreibeisite  is  only 
sparingly  present 
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The  specific  gravity  of  the  piece  was  found  to  be  7*509,  the 
analysis  by  James  B.  Mackintosh,  E.M.,  of  Lehigh  University, 
is  given  below.  To  this  are  added  analyses  of  masses  found 
nearest  to  Catorze,  since  Q.  V.  Bogalawski  suggests  that  per- 
haps the  Charcas,  Zacatecas  and  Durango  irons  were  all  parts 


of  one  fall.* 

Charcas. 

Oatone. 

Toluca. 

Toluca. 

Stan. 

Mackintosh. 

Wohler.i 

Wobler.i 

Meunier.* 

Fe 

90-09 

90-43 

87-894 

93-01 

Ni 
Co 

.    9-07 

7-62 
0-72 

9-056 
1-070 

.  4-32 

P 

0-24 

0-15 

0-620 

--.- 

Scale  insolu- 

Insoluble 

ble  in  HNO, 

0-60 

in  HCl. 

0-34 

0-224 

0-70 

Schreibersite 



0-56 

0-344 

.  - .  • 

S 



0-03 





CuSn 

-  _  -  - 

0-03 

•  •  -  • 

.  •  -  • 

Mn 





0-201 



99-88 


99-409 


98-03 


100-00 
Sp.  gr.  7-509 

'  WohlerSitzber.  K.  AkacU  Wiss.,  xx,  217.    » Meunier,  Kncycl  China.,  li,  118. 

Del  Biof  mentions  that  two  of  his  pupils  found  above  the 
A^ua  Blanca  Estate,  native  iron  in  a  conglomerate  rook  in  a 
vein  from  one  to  two  fingers  in  width.  Burkart:^  says  that 
he  saw,  in  the  possession  of  Seflor  Chialiva  in  Zacatecas,  a  mass 
of  meteoric§  iron  weighing  between  ten  and  twelve  pounds 
that  was  said  to  have  been  found  in  the  vicinity  of  Catorze — 
or  rather  Alamos  de  Catorze  as  it  is  known — which  is  in 
San  Luis  Potosi,  about  200  miles  southwest  of  Durango,  40 
miles  north  of  Charcas,  and  340  miles  north  of  Toluca.  There 
is  also  in  the  Museo  Nacionale  of  the  City  of  Mexico  a  massf 
weighing  576  kilos  which  was  found  at  Descubridora  in  San 
Luis  Potosi ;  it  was  described  in  1878. 

The  well-known  Charcas  mass,  weighing  780  kilos,  was 
found  in  the  corner  of  the  church  at  Charcas,  San  Luis  Potosi, 
Mexico,  by  some  French  soldiers  and  taken  by  them  to  Paris 
in  1866.  This  mass  was  first  mentioned  by  Sonnenschmid,^ 
and  afterwards  by  Humboldt.**  From  all  appearances,  how- 
ever, I  am  inclined  to  believe  that  the  iron  now  under  consid- 
eration is  a  new  and  distinct  fall. 

*  Pogg.  Ann.,  iv,  1,  1854.       f  Tablas  Mineralogicas,  vol.  i,  p.  67  ;  ii,  p.  40. 

t  Neues  Jahrbuch  fQr  Mineralogie,  1856,  p.  286. 

§  Perhaps  part  of  the  iron  here  described,  since  it  showed  an  old  break  on  one 
side. 

I  A  specimen  of  this  iron  in  the  Yale  University  Collection,  received  from  Pro- 
fessor Barcena  is  accompanied  by  a  copy  of  an  analysis  by  P.  Murphy,  as  fol- 
lows: Fe  89-61,  Ni  806,  Co  1*94,  S  0-43,  Cr  &nd  P  0-95=100.—Eds. 

^  Berg.  Rev.,  Mexico,  p.  228,  1804. 

♦♦  Bssai  Politique,  Paris,  1811,  vol.  iv,  p.  107. 
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SCIENTIFIC    INTELLIGENCE. 

i.    Chemistby  and  PHYSICa 

1.  On  the  production  of  Fluorine  by  t?ie  ekctrolyeia  of  Hydro- 
gen Fluoride, — In  June  la8t,  Moissan  communicated  to  the  French 
Academy  the  results  which  he  had  obtained  by  submitting  liquid 
hydrogen  fluoride  to  electrolysis.  The  anhydrous  liquid  was 
contained  in  a  V-tube  of  platinum  cooled  to  —60**,  and  the  current 
needed  was  supplied  by  50  Bunsen  cells.  Hydrogen  was  evolved 
at  the  negative  electrode,  and  there  appeared, at  the  positive 
electrode  a  gas  having  the  following  properties  :  In  contact  with 
mercury  it  was  completely  absorbed,  forming  yellow  mercurous 
fluoride ;  with  water,  it  formed  ozone ;  phosphorus  spontaneously 
inflamed  in  it,  forming  phosphorus  fluorides ;  sulphur  heated  and 
melted;  carbon  had  no  action;  fused  potassium  chloride  was 
attacked  in  the  cold,  evolving  chlorine;  crystallized  silicium, 
carefully  purified,  took  fire  in  the  gas,  producing  silicium  fluoride. 
The  positive  electrode  of  platinum-indium  was  corroded,  while 
the  negative  electrode  of  platinum  was  not  affected. 

In  a  second  paper,  the  author  gives  the  details  of  suj&sequent 
experiments.  The  hydrogen  fluoride  was  obtained  pure  and 
anhydrous  by  heating  hydrogen-potassium  fluoiide  in  a  platinum 
alembic,  and  collecting  the  product  in  a  platinum  receiver 
immersed  in  ice  and  salt.  In  this  way  a  colorless  liquid  was 
obtained,  boiling  at  lO'S**,  very  hygroscopic  and  fuming  strongly 
in  the  air.  The  platinum  V-tube  used  for  the  electrolysis  earned 
a  small  evolution  tube  near  the  top  of  each  limb.  Its  ends  were 
closed  by  stoppers  of  fluorite,  through  which  passed  platinum  rods 
to  serve  as  electrodes;  that  on  the  positive  side  being  alloyed 
with  ten  per  cent  of  iridium.  This  V-tube  was  placed  in  a  glass 
jar  and  surrounded  with  methyl  chloride.  The  liquid  hydrogen 
fluoride  was  then  transferred  to  it,  the  methyl  chloride  boiling 
quietly  at  —23%  and  the  current  of  20  Bunsen  cells,  having  an 
ammeter  in  circuit,  turned  on.  If  a  trace  of  water  be  present, 
ozone  is  at  first  evolved ;  and  then  as  it  disappears,  the  resistance 
of  the  liquid  rises ;  so  that  the  current  ceases  when  it  becomes 
anhydrous.  A  small  quantity  of  hydrogen-potassium  fluoride 
must  therefore  be  added;  and  then  the  evolution  of  gas  is  con- 
tinuous and  regular.  At  the  positive  electrode  this  gas  is  color- 
less, and  silicium  takes  fire  and  burns  brilliantly  in  it,  as  does 
adamantine  boron,  arsenic,  antimony,  sulphur  and  iodine.  The 
metals  also  bum  in  it  but  less  actively.  Organic  matters  are 
violently  attacked  by  it.  A  fragment  of  cork,  near  the  delivery 
tube,  took  fire,  and  alcohol,  ether,  benzine,  turpentine  and  petro- 
leum are  at  once  inflamed  on  contact  with  it.  The  gas  combines 
with  hydrogen  spontaneously  in  the  cold  and  with  detonation. 
Since  direct  experiment  showed  that  neither  ozone  saturated  with 
hydrogen  fluoride,  nor  hydrogen  fluoride  itself,  would  produce 


Digitized  by 


Google 


ChemUtry  and  Physics*  287 

these  results^  and  that  chlorine  was  entirely  absent,  the  conclasion 
is  that  this  gas  is  either  fluorine  itself  or  is  a  higher  fluoride  of 
hydrogen. 

In  a  third  paper,  Moissan  describes  the  production  of  this  ^as 
by  the  electrolysis  of  carefully  dried  hydrogen-potassium  fluoride 
kept  in  fusion  at  110^.  But  the  apparatus  is  rapidly  attacked. 
In  electrolyzing  the  liquid  hydrogen  fluoride,  a  yield  at  each 
electrode  of  from  one  and  a  half  to  two  liters  of  ^as  per  hour,  is 
readily  obtained.  To  test  the  question  whether  this  gas  contained 
hydrogen,  it  was  passed  over  red-hot  iron.  The  delivery  tube 
was  connected  first  with  a  platinum  tube  containing  dry  potas- 
sium fluoride,  to  absorb  any  hydrogen  fluoride ;  and  second,  with 
a  similar  tube,  also  20^°^  long,  containing  a  bundle  of  iron  wires 
and  previouslv  tared.  To  the  end  .of  this  tube  is  attached,  by 
means  of  a  rubber  joint,  first  a  test  tube  and  then  a  flask  both 
inverted  and  filled  with  pure  carbon  dioxide.  The  liquid  hydro- 
gen fluoride  is  cooled  to  —50^  by  passing  a  rapid  current  of  air 
through  the  surrounding  methyl  chloride,  and  the  current  is 
turned  on.  Immediately  the  platinum  tube  containing  the  iron  is 
raised  to  incandescence  by  the  chemical  action  going  on  within 
it,  the  form  of  the  brilliantly  burning  wires  being  visible  through 
the  walls.  After  ten  minutes,  the  operation  was  closed  and  the 
tube  weighed.  The  iron  was  found  as  while  crystallized  fluoride, 
and  on  examining  the  collected  gas  remaining  after  absorption 
of  the  CO,  by  potassium  hydrate,  it  was  found  to  be  only  the  air 
which  the  platmum  tubes  had  contained.  On  the  negative  side 
78^  of  hydrogen  was  collected,  weighing  0*006042  gram.  Multi- 
plying this  by  19,  to  give  the  corresponding  weight  of  the  fluorine 
disengaged,  gives  0*132  gram;  the  increase  in  the  weight  of  the 
iron  having^  oeen  0*130  gram.  Hence  the  gas  obtained  must  be 
fluorine. —  U.  R.y  cii,  1643;  ciii,  202,  256,  July,  1886.        G.  F.  B. 

2.  On  Methods  of  avoiding  errors  due  to  polarization^  in  the 
use  of  double  image  prisms, — In  order  to  measure  the  relative  inten- 
sity of  two  images,  a  double  image  prism  is  often  employed. 
Two  images  of  A  and  B  are  thus  brought  near  together  and 
polarized  at  right  angles.  These  images  are  observed  with  an 
analyzer,  which  is  attached  to  a  divided  circle,  and  which  allows 
the  equalization  of  the  images.  When  the  original  bundle  of  rays 
is  polarized,  the  photometric  measures  are  complicated,  since  the 
double  image  prism  acts  itself  as  an  analyzer  and  alters  unequally 
the  intensity  of  the  two  sources  of  light.  Thus  it  is  necessary  to 
make  a  preliminary  determination  of  the  amount  of  error  thus 
introduced.  M.  Cornu  believes  that  the  cases  in  which  the  bun- 
dle of  rays  are  partially  polarized  are  more  frequent  than  is  gene- 
rally supposed  and  gives  several  methods  of  avoiding  this  error. 
These  methods  are  simple  and  are  explained  in  detail  in  his 
article. —  Comptes  JRendtcs,  Dec.  20,  1886,  p.  1227.  J.  t. 

3.  Electromotive  force  due  to  the  Voltaic  arc. — Many  efforts 
have  been  made  to  determine  this  contrary  electromotive  force ; 
but  the  results  obtained  by  different  observers  have  not  been  concor- 
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dant.  Leo  Abons  has  applied  to  this  problem,  with  certain 
modifications,  Cohn'e  method  for  the  measarement  of  polarization 
in  fluids  (Wied.  Ann.,  ziij,  665,  1881),  which  in  general  terms  is 
as  follows : — One  branch  of  a  Wheatstone's  bridge  contains  the 
polarizing  element  and  the  liquid.  In  place  of  the  latter  a  metal- 
lic resistance  can  be  interposed.  The  bridge  contains  a  galva- 
nometer and  one  coil  of  a  dynamometer,  while  the  other  with  the 
secondary  coil  of  an  induction  apparatus  forms  the  second  diago- 
nal of  the  parallelogram.  The  resistance  together  with  the  inter- 
posed liquid  are  so  arranged  that  the  dynamometer  gives  no 
mdication  when  the  induction  coil  is  excited.  At  the  same  time 
the  deflection  of  the  galvanometer  is  read.  Then  the  liquid  is 
replaced  by  a  metallic  resistance  until  the  dynamometer  again 
gives  no  indication,  and  the  galvanometer  is  again  read,  ^hese 
observations  can  be  applied  to  a  simple  expression  which  gives  the 
contrary  electromotive  force  of  the  liquid.  Instead  of  the  liquid 
the  voltaic  arc  can  be  substituted.  In  preliminary  trials,  Arons, 
obtains  with  a  current  strength  of  d'4  amperes,  a  contrary 
electromotive  force,  in  the  electric  lamp  employed,  of  40*6  volts, 
together  with  an  arc  resistance  of  2'1  ohms.  With  4'1  amperes ; 
the  contrary  electromotive  force  was  89*6  volts,  and  resistance  1*6 
ohms.  Arons  is  apparently  unacquainted  with  the  investiga- 
tions of  Professor  Cross  of  the  Massachusetts  Institute  of  Tech- 
nology upon  this  subject. — Ann,  der  Physik  und  Chemie^  No.  1, 
1887,  p.  96-99.  J.  T. 

4.  Genercdization  of  the  Wheatstone  Bridge, — O.  Fb5huch 
investigates  the  conditions  of  equilibrium  when  sources  of  electro- 
motive forces  are  interposed  in  one  of  the  branches  of  the  bridge 
or  in  one  of  its  diagonals,  and  shows  that  Mance^s  method  is  only 
a  special  case  of  a  more  general  law ;  and  that  the  statement  in 
Maxwell's  Electricity  and  Magnetism,  vol.  i,  p.  411,  that  Mance's 
method  is  the  only  one  in  which  the  current  of  the  cell  remains 
unchanged,  is  not  correct — Ann,  der  Phyeik  und  Chemte,  No.  1, 
1887,  pp.  166-161.  J.  T. 

6.  On  a  nearly  perfect  simple  pendulum, — ^Mr.  J.  T.  Bottomlbt, 
of  the  University  of  Glasgow,  suspends  a  small  shot  of  about 
rJL  of  an  inch  in  diameter,  by  a  single  silk  fibre  (half  a  cocoon 
nbre)  two  feet  long,  in  a  glass  tube  three  quarters  of  an  inch  in 
internal  diameter  and  exhausts  the  latter  to  about  one  tenth  of  a 
millionth  of  an  atmosphere.  Starting  with  a  vibrational  range  of 
i  inch  on  each  side  of  its  middle  portion,  the  vibrations  can  be 
easily  counted  after  the  lapse  of  14  hours. — Phil.  Mag,^  Jan.,, 
1887,  p.  72.  J.  T. 

6.  Acoustical  Investigations, — F.  Mbldb  continues  his  com- 
munications upon  his  acoustical  experiments,  with  an  account 
of  the  vibrations  of  bell-shaped  vessels,  together  with  the  move- 
ments of  fluids  which  they  may  contain.  Ingenious  methods  of 
studying  the  movements  of  the  fluids  are  given,  together  with  the 
figures  obtained.  In  certain  cases  a  thin  layer  of  petroleum 
covers  the  surface  of  the  water,  which  fills  the  vessel ;  in  other 
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cases  light  powder  is  sprinkled  upon  the  water.  The  bell-shaped 
vessels  are  set  with  vibration  in  various  ways. — Ann,  der  Physik 
und  Chemie^  No.  J,  1887,  pp.  161-189.         "  j.  t. 

II.  •  Geology  and  Mineralogy. 

1.  JSllauea. — The  map  of  Kilauea  by  Mr.  F.  S.  Dodge  making 
Plate  II,  in  the  last  number  of  this  tfournal,  is  reduced  to  one- 
fourth  from  the  manuscript  map  received  from  Mr.  Alexander, 
Director  of  the  survey  of  tne  Islands,  and  the  words  on  it,  "  scale 
1:6000'' should  be  changed  to  1:24,000.  Plate  I  is  reduced  to 
two-thirds  the  original ;  the  scale  is  1:18,000. 

The  writer  is  indebted  to  Prof.  W.  D.  Alexander  for  a  photo- 
graph (an  outline  copy  of  which  is  here  given)  of  the  cone  within 
Halema'uma'u  described  by  Mr.  Dodge  (p.  99.)  It  was  taken 
from  a  point  on  the  northeast  ed^e  of  the  pit  on  the  14th  of  last 
October,  a  few  days  after  he  finished  his  survey.  In  the  copy  the 
cone  is  in  mere  outline  because  the  photograph  fails  to  give  any 
surface  details.  The  height  of  the  cone,  as  the  figures  in  the  ex- 
planation of  the  map,  page  99,  indicate,  is  very  nearly  that  of  the 
surrounding  floor  of  Kilauea ;  and  the  height  in  the  figure  shows 


The  cone  in  Halema'uma'u  from  a  photograph  taken  October  14,  1886. 

that  the  view  is  one  looking  down  into  the  pit,  with  the  broken 
pahoehoe  floor  of  Halema'uma'u  (between  its  walls  and  the  cone) 
m  the  foreground.  The  dotted  lines  indicate  the  positions  of 
vapor-streams  and  clouds  issuing  from  apertures  in  the  sides  of 
and  about  the  cone ;  above  it  only  vapors  are  indicated,  as  if 
those  of  the  inside  crater.  The  lower  wall  on  the  right  is  the 
wall  of  the  northwest  side  of  Halema'uma'u. 

Mr.  Dodffe,  in  a  letter  dated  January  14th,  states  that  the  cone 
is  made  of  broken  rock,  large  and  small  fragments,  derived  from 
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the  fallen  walls  of  the  pit  and  old  cones  within  it,  material  older 
therefore  than  the  lava  that  surrounds  it.  He  states  that  according 
to  observations  of  others  in  November  and  early  Janaary  the  cone 
had  increased  in  height  so  as  to  be  one  hundred  and  perhaps  two 
hundred  feet  above  the  sides  of  the  pit,  instead  of  on  a  level 
nearly,  as  in  early  October;  moreover  the  activity  in  the  south- 
west part  had  increased  and  portions  of  the  southwest  wall  had 
fallen  in.  j.  d.  d. 

2.  The  Origin  of  Mountain  Ranges  considered  experimen- 
tally, structurally,  dynamically,  and  in  relation  to  their  Geologi- 
cal History,  by  T.  Mellard  Rbadb,  C.E.,  F.G.S.,  etc.,  360  pp. 
8vo,  with  numerous  illustrations.  London,  1886.  (Taylor  & 
Francis).- -The  chief  fact  on  which  Mr.  Reade  bases  his  theory  of 
the  origin  of  mountains  is  that  of  the  expansion  of  rocks  by 
increase  of  heat.  From  his  own  numerous  trials  be  arrives  at 
1/190,192  as  the  mean  coefficient  of  expansion  for  1^  F.,  which  is 
equivalent  to  2*77  feet  per  mile  for  every  100*  F.  (which  he  takes 
at  2*75  feet).  The  special  mean  result  for  various  sandstones  ar- 
rived at  by  the  author  was  1/178,826  ;  for  marbles,  1/184,797;  for 
slates,  1/193,827;  for  granites,  1/203,322.  Mr.  Reade  observes 
thai  as  expansion  downward  and  laterally  cannot  take  place,  the 
whole  is  upward;  consequently  the  rise  of  surface  would  be 
3x2-76=8'25  feet  nearly.  Hence  a  crust  20  meters  thick  healed 
1000**  F.,  which  would  expand  in  eaeh  direction  650  feet  (made  the 
amount  of  conse(|uent  elevation  by  Lyell),  would  rise  1660  feet ; 
and  if  the  total  nse  went  to  form  a  ridge  having  a  base  one-tenth 
of  the  total  area  heated,  the  whole  height  would  be  16,600  feet. 
A  rising  of  molten  or  half-molten  rock  below  would  follow  the 
rise;  and  the  tension  above  would. cause  great  fractures  and  this 
would  lead  to  great  denudation. 

Periods  of  increased  heat  have  alternated  with  those  of  dimin- 
ished heat,  and  thus  may  have  come  contractions  as  well  as  expan- 
sions, and  so  alternations  in  conditions  and  in  catastrophes,  in  the 
same  mountain  region.  The  increase  of  heat  is  due  to  a  great 
increase  in  the  thickness  of  sediments  over  the  region, — the  pre- 
liminarv  stage  in  mountain  making,  as  first  suggested  by  James 
Hall.  This  cause  produces  a  rise  in  isogeothermal  lines  from 
below ;  and  through  this  accession  of  heat  the  lower  beds  become 
most  expanded.  Thence  come  uplifts,  fractures,  flexures,  faults, 
volcanic  outflows,  and  the  mountain  range.  The  greatest  moun- 
tain elevations  have  taken  place  in  recent  times  because  the 
Tertiary  and  Cretaceous  rocks  added  vastly  to  the  thickness  of 
accumulations  over  large  areas  of  the  earth's  surface. 

Mr.  Reade  in  illustrating  his  views,  and  opposing  others,  appeals 
chiefly  to  North  American  rocks  for  his  illustrations  and  dwells 
especially  upon  the  Appalachians  of  eastern  America,  and  the 
Great  Basin  system  studied  by  Powell,  Gilbert  and  others,  of 
western,  quoting  largely  from  American  reports  on  the  subjects. 

As  regards  the  Appalachians  the  conditions  were  just  what  the 
theory  requires,  if  a  thickness  of  30,000  feet  of  rock  in  a  sink- 
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ing  geosynolinal  trough,  with  sooh  additions  as  may  be  aasamed 
for  loss  by  degradation,  b  safficient.  The  accumulation  beeau  in 
the  Cambrian,  and  ended,  according  to  the  present  state  of  facts, 
with  the  Permian,  taking  for  its  completion  all  of  Paleozoic  time. 
Supposing  the  thickness  of  the  deposits  made  to  have  been  50,000 
feet,  and  the  time  elapsed  during  the  making  50,000,000  years,  the 
mean  rate  of  sinking  was  1  foot  in  1000  years.  The  isogeothermal 
plane  consequently  rose  at  the  mean  rate  of  1  foot  in  1000  years, 
and  the  expansion  through  the  rise  of  temperature  went  forward 
correspondmgly,  so  far  as  was  possible.  At  this  rate  the  heating 
and  the  expansion  continued  in  progress  during  the  50,000,000 
years  ;  and  still,  through  all  that  time,  sinking  continued  as  the 
mean  result.  Such  a  rate  of  rise  in  the  isogeothermal  plane  is  so 
extremely  slow — a  thousandth  of  a  foot  a  year — that  it  is  hardly 
probable  that  the  expansion  could  have  been  resisted  through  the 
long  era  to  appeal*  catastrophically  at  the  end  of  it ;  and  unless  so  it 
would  seem  that  something  more  than  a  rise  in  the  isogeothermal 
plane  was  needed  in  order  to  make  the  deposits  into  a  mountain 
ran^e. 

The  theory  of  mountain-making  brought  forward  by  Mr.  Reade 
does  not  explain  the  inequilateral  feature  of  most  mountains. 
Like  most  others  that  have  been  presented,  it  takes  little  note  of 
the  system  of  events  in  the  progress  of  the  globe  and  the  system 
of  structure  in  the  results  of  that  progress.  American  geologica 
study  has  made  Ait  plainly  that  there  was  first,  in  the  continent, 
Archaean  ranges  of  elevations  of  one  or  more  epochs ;  that  ,on 
the  eastern  border  there  were  three  or  four  other  periods  in  the 
course  of  geological  time  when  other  ranges  of  elevations  were 
made,  but  all  parallel  in  general  and  often  in  special  trend,  with 
the  Archaean,  although  stretching  on  for  a  thousand  miles  or  more. 
The  facts  are  similar,  so  far  as  is  understood,  in  Western  America. 
Here  is  system,  working  from  a  beginning,  under  some  continued 
method  of  progress,  ending  in  making  a  continent  of  systematic 
features.  Mr.  Reade  says  that  '^  Dana  looks  upon  the  development 
of  continental  land  as  analogous  to  animal  growth."  Nothing 
could  be  farther  from  the  truth  ;  for  all  that  the  comparison  used 
by  the  writer  meant  was  that  there  was  systematic  progress,  in 
some  way,  as  much  so  as  in  animal  development.  There  is  system 
also  in  the  courses  of  the  feature  lines  of  the  globe,  which  courses 
are  as  far  removed  as  possible  from  meridional  as  required  by 
some  theories.  The  fact  that  the  writer  formerly  made  all 
these  results  to  depend  on  contraction  from  cooling  and  the  nature 
of  the  earth's  cr«st,  shows  that  the  accordance  with  animal  growth, 
was  only  accordance  with  the  universal  law  of  progress  or  de- 
velopment (Man.  Geol.,  p.  830).  What  theory  now  to  attribute 
the  results  to  he  does  not  know ;  but  he  believes  that  no  theory  of 
mountain-making  will  find  general  acceptance  that  does  not  take 
this  system  of  progress,  of  structure,  of  topographical  features 
into  consideration.  If  the  speculator  thinks,  like  Mr.  Reade,  the 
linear  arrangement  of  islands  of  little  importance,  let  him  consider, 
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instead,  the  great  depressioDB  of  the  ocean's  bottom  between  the 
lines  which  teach  the  same  great  truths  with  regard  to  the  earth's 
features. 

Mr.  Reade's  work  is  a  valuable  contribution  to  the  perplexing 
subject  of  mountain-making ;  for  the  principle  to  which  he  ap- 
peals has  greater  importance  than  has  been  supposed.  But  some- 
thing more  appears  to  be  needed  to  give  the  theory  full  sufficiency. 

3.  Skeleton  of  a  Whale  found  over  130  years  since  in  the  >S^. 
Xawrence  River  YaUey^  nea/r  Quebec. — A  letter  to  the  editors 
from  Professor  O.  P.  Hubbard  states  that  in  Kalm's  Travels  in 
North  America  and  Canada,  on  page  15  of  the  third  volume,  men- 
tion is  made  of  the  finding  of  the  skeleton  of  a  whale  some  French 
miles  from  Quebec  and  one  French  mile  from  the  River  St.  Law- 
rence, "  in  a  place  where  no  flowing  water  occurs  at  present."  The 
skeleton  was  of  considerable  size,  and  the  Governor  of  Fort 
Frederick  said  he  spoke  with  several  persons  who  had  seen  it. 
Kalm,  the  Swedish  botanist,  was  in  America  during  the  years 
1748  to  1751,  and  he  learned  the  fact  in  1750. 

4.  Geological  History  of  Lake  Zahontan^  a  Quaternary  Lake 
of  Northern  Nevada;  hj  Israel  Cook  Russell.  Volume  xi  of 
the  Monographs  of  the  U .  S.  Geological  Survey,  288  pp.  4to,  with 
4  plates,  the  last  a  folded  map,  1885.— An  abstract  of  Mr.  Russell's 
results  after  his  first  season's  work,  published  in  the  third  Annual 
Report  of  the  Director  of  the  U.  S.  Geological  ^ui-vey,  has  been 
briefly  mentioned  in  a  former  volume  of  this  Journal.  The  final 
Report,  recently  issued  makes  a  volume  of  ^reat  general  interest 
and  scientific  importance.  The  facts  relating  to  the  Lahontan 
Lake  basin  of  the  past  and  present,  its  terraces,  the  chemistry  of 
its  waters,  the  remarkable  tufa  deposits  of  the  terraces,  the  lake 
and  shore-made  beds  of  sand,  gravel  and  clays  (the  last  largely 
pumiceous),  the  life  of  the  varying  waters,  the  drying  up  of  the 
lake  with  the  climatic  changes,  and  the  later  Quaternary  oro- 
graphic movements,  have  all  been  carefully  studied  and  a  large 
amount  of  instruction  drawn  from  them  for  physical  geography, 
geology  and  economical  science.  The  many  maps  and, plates, 
niustntting  the  volumes  are  excellent.  The  descriptions  of  the 
thinolite  tufa  deposits  and  of  the  conditions  of  their  origin  are 
illustrated  by  several  fine  plates,  and  supplemented  by  extracts 
from  a  crystallographic  study  by  E.  S.  Dana. 

5.  27ie  Geographical  and  Geological  Distribution  of  Animals; 
by  Angelo  Hbilpbin,  Prof.  Invert.  Paleontology,  etc.,  436  pp. 
12mo.  New  York,  1887  (D.  Appleton  &  Co.). — Professor  Heilprin 
has  endeavored  to  combine  in  this  work  a  consideration  of  the 
geographical  distribution  of  existing  faunas  with  tha\>  of  the  an- 
cient, and  so  present  a  general  review  of  the  historical  as  well  as 
actual  associations  of  species.  The  subject  is  a  very  broad  one 
for  the  space  allotted  to  it;  but  it  has  been  so  handled  as  to  make 
a  valuable  and  readable  work  for  students  in  both  geology  and 
biology. 
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6.  Manual  of  Mineralogy  and  Lithology^  containing  the 
elements  of  the  science  of  Minerals  and  Rocks  for  the  use  of  the 
practical  Mineralogist  and  Geologist  and  for  instruction  in  Schools 
and  Colleges;  by  Jamks  D.  Dana,  4th  edition,  618  pp.  8vo,  New 
York,  1887  (John  Wiley  and  Sons). — This  new  edition  of  the 
author's  "  small "  mineralogy,  like  the  preceding,  places  together,  all 
the  ores  of  the  same  metal,  and  in  this  and  other  ways  the  Manual  is 
adapted  to  the  needs  of  the  mining  and  practical  mineralogist. 
As  the  preface  states,  the  work  has  been  revised  throughout,  and 
brought  down  to  the  year  1886  in  its  descriptions  and  in  the  in- 
troduction of  new  species ;  and  the  chapter  on  Rocks  has  been 
revised,  rearranged,  much  enlarged,  and  supplied  with  additional 
illustrations. 

7.  On  the  chemical  composition  of  the  orthodase  in  the  Gort- 
landt  Norite,  (Communicated.) — Since  the  publication  of  the 
writer's  description  of  this  interesting  mineral  in  the  February 
number  of  this  Journal  fp.  139),  a  complete  analysis  of  it  has 
been  made  by  Mr.  Wm.  M.  Burton  of  the  Chemical  Laboratory 
of  the  Johns  Hopkins  University.  The  results  are  worthy  of 
publication  as  placing  beyond  all  doubt  the  nature  of  the  mineral 
m  spite  of  its  very  unusual  association. 

The  material  for  analysis  was  separated  by  the  Thoulet  solu- 
tion, all  that  portion  of  the  rock  being  used  which  possessed  a 
specific  gravity  of  2*62  or  less.  The  results  of  two  complete 
analyses  of  lead  fusion  (I-U)  and  one  partial  analysis  of  fusion 
with  potassium  and  sodium  carbonate  (lU)  are  as  follows : 


q.) 

ai.) 

(III.) 

(Mean.) 

SiO, 

61-71 

61-76 

61-65 

61-71 

A1,0, 

21-60 

21-36 

21-56 

21-47 

CaO 

2-82 

2-70 



2-76 

K,0 

12-74 

12-88 

.... 

12-81 

NmO 

•88 

1-04 



-96 

Total  99-65  9974  ...  99-71 

Now  on  account  of  the  very  intimate  admixture  of  the  ortho- 
dase with  the  accompanying  and  included  andesine,  it  was  doubt- 
less impossible  to  perfectly  separate  the  two  minerals,  as  is  made 
more  probable  by  the  specific  gravity  which  is  somewhat  high  for 
orthoclase.  If,  therefore,  we  deduct  from  the  above  mean  analy- 
sis the  amounts  of  SiO,  and  A1,0,  necessary  to  satisfy  the  2*76 
per  cent  of  CaO  and  0*96  per  cent  of  Na,0  in  the  anorthite  and 
albite  molecules  respectively,  we  obtain  :  60'23  per  cent  SiO„ 
14'75  per  cent  A1,0,  and  12-81  per  cent  K,0  ;  and  these  propor- 
tions, calculated  as  percentages,  give :  SiO,  64*67,  A1,0,  18*96, 
K,0  16*47,  while  the  proportions  calculated  from  the  formula 
K,  Al,Si.O„  are :  SiO,  64*68,  A1,0, 18-43,  K,0  16*89. 

GBOBGK   H.    WILLIAMS. 

Baltimore,  Feb.  18th,  1887. 
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8,  NickeliferouB  metaUic  Iron  from  New  Zealand  (from  a 
letter  to  the  Editors  dated  DnnediD^  October  14,  1886). — In  the 
drift  of  the  Gorge  River  (which  empties  into  Awama  or  Big  Bay, 
on  the  west  coast  of  the  middle  island  of  New  Zealand),  deHved 
in  part  from  the  so-called  *'  Red  Hill  '* — a  high  mountain  mass 
consisting  of  older  peridotite,  more  or  less  converted  into  serpen- 
tine—  there  occurs,  associated  with  gold,  platinum,  cassiterite, 
chromite,  magnetite,  a  nickel-iron  alloy.  According  to  an  analy- 
sis by  Mr.  W.  Skey,  our  government  analyst,  it  is  composed  of 
Ni  67-63,  Fe  31-02,  Co  0-70,  S  0-22,  SiO  0-43,  and  has  the  formula 
Ni,Fe.  Specific  gravity  8*1  and  haraness  about  6.  This  as  a 
new  mineral  he  has  named  Awaruite,  Mr.  Skey  also  discovered 
the  curious  fact  of  this  alloy  not  being  able  to  reduce  copper 
from  its  acid  solution  of  cupric  sulphate  and  argues  from  this  the 
unreliability  of  the  copper  test  for  demonstrating  the  absence  of 
iron  alloys  from  rock  masses.  That  the  new  alloy  has  been  de- 
rived from  the  peridotite  (olivine-enstatite  rock,  as  far  as  I  have 
found)  of  the  Red  Hill  there  can  hardly  be  a  doubt,  as  specimens 
of  serpentine — partly  resembling  the  antieorite,  partly  picrolite — 
have  been  found  on  the  mountain,  containing  specks  of  it  abund- 
antly impregnated.  It  is  certainly  a  verv  close  terrestrial  relative 
of  the  iron  meteorite,  octibbehite  (Felfi),  mentioned  in  Dana's 
System  of  Mineralogy  and  in  Wadsworth's  comprehensive  table 
of  analyses,  given  in  "  Lithological  Studies,"  as  found  in  Octib- 
beha  Co.,  Mississippi.  qborgb  h.  f.  ulrich. 

IIL  Botany  and  Zoology. 

1.  MiNOB  Botanical  Notbs. — That  immense  repertorium  of 
botany,  Baillon's  Dictionaire  de  Botaniquey  makes  steady  pro- 
gress. Fascicle  21,  which  is  the  first  of  vol.  ii  (pp.  104),  carries 
the  letter  H  down  to  the  article  Hypericum, 

Of  Hooker* 9  Iconea  Plantarum,  the  third  and  concluding  part  of 
vol.  xvii — a  Fern  volume — was  issued  in  January.  The  North 
American  and  Northern  Mexican  species  figured  are  Nbthochlofna 
Palmeri,  Baker,  and  N,  Hookeri^  Eaton. 

H.  N.  Patterson,  of  Oquawka,  Illinois,  has  brought  out  a  new 
and  attractive  Check-List  of  North  American  Plants^  including 
Mexican  Species  which  approach  the  U.  S.  Boundary,  It  fills 
150  large  8vo  pages  in  double  columns,  of  rather  large  and  very 
clear  type,  printed  upon  one  side  only  of  the  paper,  and  sufficiently 
spaced  for  cutting  up  into  labels,  when  that  is  desired,  or  for 
intercalation  of  new  names. 

Db.  W.  F.  Tolmib,  who  died  at  Victoria,  British  Columbia, 
toward  the  close  of  last  year,  was  one  of  the  last  survivors  of 
those  men  of  the  Hudson  Bay  Company's  service  in  its  palmiest 
days  who  helped  to  develop  the  botany  of  our  northwest  coast  He 
was,  we  believe,  one  of  Sir  William  Hooker's  pupils  at  Glasgow, 
and,  going  out  to  Fort  Vancouver  as  medical  officer  in  1832,  he 
became  one  of  the  principal  contributors  of  materials  from  that 
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district  for  his  Flora  Boreali-Amerioana.  In  that  work  he  is 
eommemorated'  by  a  pcoaliar  geons  of  EricaceoB^  which,  however, 
bad  been  previonsly  named  by  Bongard  upon  specimens  from. 
Alaska.  Conseqaently  the  name  of  Tolmiea  was  applied  in 
Torrey  and  Gray's  Flora  to  a  peculiar  saxifragaceous  plant  of 
that  coast.  In  his  later  years  Dr.  Tolmie  devoted  himself  very 
much  to  the  ethnology  and  linguistics  of  the  Indian  tribes  with 
which  he  had  so  long  been  intimate.  His  name  should  have 
appeared  in  the  botanical  necrology  of  the  year  1886.  a.  g. 

Professor  Delpino,  who  as  early  as  in  the  year  1873  announced 
the  idea  that  most  extra-floral  nectar-glands  in  plants  are  usefxil 
to  the  plants  that  bear  them,  by  attracting  a  body-guard  of  ants, 
has  now  published  the  first  part  of  an  elaboi*ate  memoir  on  the 
topic.  His  Prodromo  d^una  monografia  delle  Piante  Fprmicariey 
taking  up  the  orders  seriatim^  although  in  this  first  part  it  includes 
only  the  Polypetalous  and  a  few  of  the  earlier  Gamopetalous 
orders,  fills  111  pages,  4to,  in  the  Memoirs  of  the  Royal  Academy 
of  Sciences  of  Bologna,  sen  4,  tome  vii,  1886.  The  number  of 
species  recorded  as  having  extra-nuptial  glands  is  much  larger 
than  would  have  been  expected.  This  term  *  extra-nuptial '  is 
coined  to  distinguish  the  glands  under  consideration  from  certain 
extra-floral  glands  which,  no  less  than  those  in  the  flower,  are  sub- 
servient to  pollination.  The  funzione  myrmecoJUa  performed  by 
the  ants  so  attracted  and  fed  is  the  keeping  off  oi  caterpillars 
and  other  insects  which  prey  upon  the  foliage,  young  fruits,  etc. 
Pruit-growers  and  tree-planters,  thankful  though  they  be  for 
these  small  favors,  must  wish  that  this  function  were  still  more 
extensive  and  effectual.  a.  g. 

The  February  number  of  the  Botanical  Magazine  gives  a  figure 
of  the  new  Compass  Plant,  Silphium  aWiflorum^  Gray,  a  very 
recently  published  species,  from  Texas,  raised  in  England  from 
seed  sent  by  one  of  its  discoverers,  Mr.  Reverchon,  whose  name 
in  the  Botanical  Magazine  unfortunately  appears  as  a  place  instead 
of  a  person. 

Alphonse  de  Candolle  has  a  short  article  in  the  Archives  des 
Sciences  of  January  15,  on  the  botanical  origin  of  some  cultivated 
plants.  It  treats  munly  of  Vida  Narbonnensis  and  Vicia  JFctba^ 
and  goes  against  the  idea  of  Bentham  that  the  latter  (the  proper 
bean  of  Europe)  is  a  cultivated  derivative  of  the  former.  It  is 
also  maintained  that  wheat  should  be  regarded  as  a  species 
distinct  from  Tritieum  Speka  and  T,  monoccoccum,  notwithstand- 
ing that  some  recent  experiments  have  been  successful  in  inter- 
crossing them.  Horse  Bean  (Vicia  M^a)^  Chick-pea,  Lentils, 
Wheat,   and   Maize, — species    of   which  the  botanical  originals 

Spear  to  be  extinct, — all  agree  in  having  large  farinaceous  seeds, 
erefore  peculiarly  subject  to  be  eaten  up  by  animals,  such  as 
mice,  etc.     To  such  depredations,  M.  de  Candolle  suspects  that 
the  unguarded  native  types  of  those  species  may  have  succumbed. 
2.  JBibliotheca  Zoologica  II,    Verzeichniss  der  Schriflen  dber 
Zoologie  welche  in  den  periodischen  Werken  enthalten  und  vom 
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Jahre  1861-1880  selbststandig  erschienf^n  sind  etc.,  von  Dr.  O. 
Taschenrbbo.  Lief  1,  pp.  1-320;  2,  pp.  d21-64a  8vo,  Leipzig, 
1886  (Wilhelm  Engelmann). — The  former  issue  of  the  Biblio- 
theca  Zoologica  in  1861  under  the  editorship  of  Professor  V. 
Carus  contained  a  catalogue  of  zoological  papers  published  during 
the  years  1846  to  1860.  The  present  worK,  of  which  two  pai 
are  now  completed,  with  Dr.  O.  Taschenberg  as  editor,  i/* 
continue  and  complete  this  great  undertaking  for  the  period  u 
1861  to  1880.  In  style  and  method  the  present  volume  coi 
ponds  to  those  issued  twenty-five  years  ago.  The  first  part  o^ 
with  the  literature,  a  list  of  catalogues  of  books,  and  then  a  v< 
minute  and  exhaustive  enumeration  of  periodical  publicationf 
all  kinds,  with  the  number  of  pages,  plates,  etc.,  of  each  volum< 
this  portion  of  the  work  covers  nearly  200  pages.  Then  follow 
the  lists  of  zoological  memoirs  and  articles  arranged  by  the 
author's  name  under  a  number  of  general  heads,  as  :  acclimatiza- 
tion, aquaria,  museums,  public  and  private  collections,  zoological 
gardens,  laboratories  and  stations;  the  collection  and  pres- 
ervation of  objects  of  natural  history  and  comparative  anatomy  ; 
the  microscope,  and  so  on.  This  statement  of  the  contents  of 
Part  I  will  give  some  idea  of  the  nature  and  scope  of  the  work. 
Evidences  of  the  tireless  industry  of  the  editor  and  his  never 
relaxing  effort  to  ensure  accuracy  and  completeness  are  apparent 
on.  every  page.  The  value  of  such  a  work  can  hardly  be  over- 
estimated at  this  time  when  the  literature  of  the  science  is  increas- 
ing so  rapidly  and  the  memoirs  on  the  various  topics  are  scattered 
through  so  wide  a  range  of  publications.  It  is  difficult  to  see 
how  any  worker  in  the  science  can  get  along  without  it.  The 
work  wnen  finished  will  fill  twelve  parts  of  about  320  pages  each, 
forming  four  large  volumes;  the  year  1888  is  set  as  tne  time  for 
its  completion. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  The  American  Naturalist, — Professor  A.  S.  Packard,  for 
twentv  years  one  of  the  editors  of  the  Naturalist,  and  a  large 
contrioutor  to  its  pages,  has  withdrawn  from  it,  and  hereafter  it 
will  be  in  charge  of  Professor  E.  D.  Cope. 

2.  ITie  Swiss  Cross^  A  Monthly  Jdaaazine  of  the  Agassiz  Asso- 
ciations :  N.  D.  C.  Hodges  editor. — With  January,  the  first  num- 
ber of  this  new  Journal  of  Popular  Science  appeared,  in  a  broad 
octavo  form  of  forty  pages.  It  promises  to  be  a  valuable  journal 
for  the  distribution  of  scientific  knowledge,  right  opinions,  and 
news,  and  to  be  adapted  not  only  for  the  young  readers  of  the 
Agassiz  Associations  but  for  all  who  are  interested  in  haviqg 
science  in  a  popular  form.  The  Journal  is  published  in  New  « 
York  at  47  Lafayette  Place,  at  %\.bO  a  year  or  16  cents  a  number.  • 
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Art.  XXVIII. — Contributions  to  Meteorology;  by  Eli  as  Loomis, 
Professor  of  Natural  Philosophy  in  Yale  College.  Twenty- 
second  paper.     With  Plate  V. 

Areas  of  high  pressure.     Their  magnitude  and  direction  of  move- 
ment.   Relation  of  areas  of  high  pressure  to  areas 
of  low  pressure. 

In  several  former  papers  I  have  examined  the  form  and  mag- 
nitude of  areas  of  high  pressure,  the  position  of  the  major  axis 
of  the  isobars,  the  direction  and  velocity  of  their  movement,  and 
the  low  temperature  which  accompanies  them — the  laws  of  the 
wind's  motion  within  these  areas — the  circumstances  under 
which  areas  of  high  pressure  originate,  and  the  relations  which 
they  bear  to  areas  of  low  pressure.  This  examination  has  been 
made  for  the  United  States  by  the  aid  of  the  Signal  Service 
maps  and  the  published  volumes  of  the  Signal  Service  observa- 
tions; and  it  has  been  made  for  Europe  oy  the  aid  of  Hoflf- 
meyer's  Weather  Maps.  It  was  found  that  areas  of  unusually 
high  pressure  sometimes  extend  from  the  Pacific  Ocean  to  the 
Atlantic;  and  stretch  northward  far  beyond  the  limits  of  the 
United  States.  The  maps  of  the  United  States  Signal  Service 
are  therefore  not  lai*ge  enough  to  exhibit  satisfactorily  the 
phenomena  of  areas  of  unusually  high  pressure,  and  especially 
to  exhibit  their  relations  to  areas  of  Tow  pressure ;  and  the  same 
is  true  of  Hoffmeyer's  charts  of  the  Atlantic  Ocean  and  Europe. 
I  have  therefore  extended  this  examination  to  the  maps  of  the 
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International  Bulletin.  These  maps  begin  with  Oct,  1877  ani 
extend  to  June,  1884.  Table  I  exhibits  all  the  cases  which  I 
have  found  in  which  these  maps  show  an  isobar  of  31*0  inches 
over  any  part  of  the  Northern  Hemisphere.  Columns  3  and  4 
show  the  latitude  and  longitude  of  the  station  at  which  the 
barometer  was  highest.  This  station  is  generally  near  the  center 
of  the  highest  isobar  but  may  not  coincide  exactly  with  it.  Col- 
umns 5  and  6  show  the  pressure  and  temperature  at  the  station, 
where  the  barometer  was  highest.  Columns  8  and  9  show  (in 
degrees  of  a  meridian)  the  dimensions  of  the  hi^h  area  measured 
in  an  East  and  West  direction,  and  also  in  a  North  and  South 
direction.  Since  a  large  part  of  the  isobars  represented  on  the 
maps  are  incomplete,  I  have  extended  them  about  each  high 
center  up  to  the  isobar  80*0  inches  in  such  a  manner  as  seemed 
to  correspond  best  to  the  incomplete  curves  shown  on  the  maps. 
The  numbers  in  columns  8  and  9  give  the  results  obtained  lor 
the  isobars  thus  completed.  The  lines  measured  in  the  two  dif- 
ferent directions  run  nearly  through  the  centers  of  the  high 
areas.  In  many  cases  the  high  areas  stretch  out  to  a  great  dis- 
tance toward  the  East  and  West,  particularly  in  a  latitude 
somewhat  south  of  the  high  center,  in  such  cases  the  numbers 
in  column  8  do  not  indicate  the  full  extent  of  the  isobar,  30*0 
inches,  but  only  its  extent  near  the  parallel  which  passes 
through  the  center  of  high  pressure. 

Table  J.'^Barometer  above  31*0  inches^  International  Bulletin, 


Date. 

L»t. 

LODg. 

Barom. 
highest. 

Therm. 
Fahr. 

Thenn. 
below 
mean. 

Breadth,  Deg. 

No. 

B.-W. 

K.-B. 

'^1877,  Dec 

14 

*66-8 

60'6  B. 

31-37 

-31 

-38 

o 

60 

15 

53-3 

83-8  E. 

•30 

-66 

-61 

__ 

66 

16 

63-3 

83-8  E. 

•63 

-54 

-60 

90 

58 

17 

53-3 

83-8  B. 

•63 

-60 

-66 

88 

67 

1- 

18 

63-3 

83*8  E. 

•46 

-41 

-47 

68 

69 

19 

58-4 

921  E. 

•37 

-17 

-  8 

78 

59 

20 

65-8 

491  E 

•26 

1 

-12 

80 

66 

21 

63-8 

48  6  E. 

•08 

6 

-  7 

80 

61 

Deo. 

31 

68-4 

92-1  K. 

•08 

-21 

-11 

74 

46 

1878.  Jan. 

1 

58-4 

921  E. 

•01 

-.26 

-16 

80 

48 

2 

53-8 

48*6  E. 

•02 

-  6 

^17 

79 

45 

3 

63-8 

48-6  B. 

•01 

-    I 

-12 

76 

41 

' 

4 

41-3 

69-3  E. 

■09 

-10 

-40 

83 

44 

2- 

6 

41-3 

69-3  E. 

•02 

—  4 

-34 

76 

47 

6 

58-4 

921  E. 

•06 

-28 

-16 

71 

62 

7 

58-4 

92-1  E. 

•25 

-30 

-18 

_. 

60 

8 

68-4 

92- 1  E. 

•16 

-28 

-16 

63 

58 

9 

68-4 

921  E. 

•20 

-33 

-21 

_. 

62 

3 

^          Dec. 

11 

63-3 

83-8  B. 

•09 

-42 

-48 

66 

56 
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Table  I — continued. 


Date. 


Deo. 


5  Dec. 

r  1879.  Jan. 


7  Feb. 

8  Nov. 

9  Dea 
pl880.  Jan. 


I 


10 

11 

12 

13- 

14 
15 

16 

") 

18 
19 
20 
21 
22 
23 
24 
25 

26 1 

27 
28 

29- 


30^ 


Jan. 
Jan. 

1881.  Mar. 


Mar. 

Nov. 
Dea 

Dec. 
1883.  Jan. 


Feb. 

Oct 
Nov. 
Nov. 

Dea 
Dea 
Dea 

Dea 


31  j  ^ 

33  1883.  Feb. 
33 1  Nov. 

34  Nov. 

35  Dea 
3gj  1884.  Jan. 

37 


Jan. 


Lat. 

20 

58-4 

21 

58-4 

22 

58*4 

23 

58-4 

24 

58-4 

28 

58-4 

18 

56-8 

19 

56-8 

20 

53-3 

21 

63-3 

22 

55-8 

23 

55-8 

24 

56-8 

24 

41-3 

25 

41-2 

16 

58-4 

17 

51-3 

18 

51-3 

19 

58-4 

20 

51-3 

24 

58-4 

28 

51-3 

29 

51-3 

1 

58-4 

2 

58-4 

3 

58-4 

9 

58'4 

23 

53-3 

4 

58-4 

14 

58-4 

15 

58-4 

27 

58-4 

4 

512 

15 

52*2 

23 

49-8 

17 

49*8 

20 

49*9 

28 

504 

13 

58-4 

22 

50-4 

23 

50*4 

7 

393 

7 

58-4 

9 

665 

10 

50-4 

13 

50  4 

14 

50*4 

16 

584 

16 

60-4 

17 

58*4 

18 

68-4 

19 

58*4 

29 

53*3 

30 

58-4 

11 

63'8 

9 

523 

10 

52-3 

15 

58*6 

22 

58-4 

18 

51-3 

19 

51-4 

23 

50-7 

Long. 


921  R. 

921  E. 

92-1  K. 

92-1  R. 

921  B. 

921  E. 

60-6  E. 

60-6  B. 

83-8  B. 

83-8  E. 

49-1  E. 

37-7  E. 

60-6  E. 

69-3  B. 
112-0  W. 

92-1  B. 
119-6  B. 
119-6  E. 

92-1  R. 
119-6  E. 

J921  E. 
119-6  B. 
119-6  B. 

921  B. 

921  B. 

92-1  E. 

92*1  E. 

83-8  E. 

92-1  E. 

92-1  E. 

921  E. 

921  B. 

71-4  E. 

21-0  B. 

97  1  W. 

971  W. 
7-8  W. 

80*2  E. 

921  B. 

80-2  E. 

80-2  E. 

94  9  W. 

92  1  B. 

85-0  B. 

80-2  B. 

80-2  E. 

80-2  B. 

921  B. 

80*2  E. 

92*1  E. 

921  E. 

92- 1  E. 

83-8  E. 

921  E. 
162  0  W. 
104-3  E. 
104-3  B. 

49-7  E. 

92-1  E. 
1 19-6  E. 
119-6  E. 
103-7  W. 


Barom. 
highest. 

%T- 

Therm, 
below 
mean. 

-01 

-28 

-19 

-08 

—35 

-26 

•22 

-39 

-30 

•26 

—36 

-27 

-10 

-18 

-  9 

-09 

-  0 

+    6 

•00 

-15 

-20 

•12 

-22 

-27 

•25 

-28 

-27 

•15 

-23 

-22 

•09 

-  4 

-13 

•09 

3 

-12 

-00 

-  3 

-15 

-00 

13 

-30 

•14 

—  3 

-.__ 

•07 

-33 

-21 

•03 

-35 

-13 

-10 

-36 

-13 

•17 

-16 

-  7 

•16 

-27 

-10 

-00 

-14 

-  4 

•02 

-33 

-11 

•15 

-36 

-14 

•36 

-1» 

-24 

-41 

-  9 

-23 

•22 

0 

—  14 

•02 

-  3 

-17 

•02 

17 

-  1 

•07 

5 

-  4 

•08 

-  7 

0 

•06 

-14 

-  8 

•04 

-  9 

-  3 

•01 

-28 

-30 

•06 

28 

+   3 

•03 

-35 

---. 

•09 

-29 

._ 

•20 

-50 

"""6 

•06 

-  7 

-46 

•13 

-16 

-22 

•06 

2 

-18 

•16 

-  4 

-24 

•01 

-  6 



•03 

-42 

-33 

•01 

-37 

-39 

•04 

-27 

-33 

•11 

-27 

-33 

•01 

-29 

-35 

•11 

-31 

-22 

•12 

-  9 

-15 

•24 

-29 

-20 

•08 

-19 

-10 

•01 

—  13 

-  7 

•04 

-15 

-18 

•06 

-19 

-  9 

•21 

-  4 

0 

•05 

3 

-11 

•03 

0 

-14 

•00 

24 

0 

•02 

-12 

-  6 

•02 

-32 

-10 

-01 

-27 

-10 

•03 

-36 



Breadth,  Deg. 


E.-W. 


N.-8. 


58 

60 

70 

60 

61 

63 

70 

60 

67 

64 

80 

60 

70 

56 

84 

55 

85 

66 

67 

83 

63 

76 

65 

.. 

53 

72 

28 

70 
60 


58 


67 


50 

73 
73 
78 
71 
77 
32 
26 

87 

62 
64 
38 
50 
82 
76 
83 
90 
70 
77 
77 
74 
80 
62 
60 
66 
80 
76 
90 
77 
65 
80 
57 
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56 
60 
60 
59 
62 
62 
61 
68 
54 
57 
62 
62 
46 
44 
62 
63 
50 
42 
60 
52 
55 
50 
47 
55 
46 
44 
46 
56 
59 
58 
47 
51 
61 
56 
67 
71 
78 
51 
54 
59 
47 
56 
61 
60 
68 
68 
39 
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Of  the  81  cases  enumerated  in  this  table,  the  number  for  each 
month  in  the  year  was  as  follows : 

January,  29;  February,  4;  March,  5;  October,  1;  Novem- 
ber, 8,  and  December,  34.  We  thus  see  that  79  per  cent  of 
the  whole  number  of  cases  occurred  in  the  months  of  December 
and  January;  and  none  occurred  during  the  six  warmer 
months  of  the  year. 

Of  these  81  cases,  74  occurred  over  Europasia ;  6  over  North 
America  and  one  over  the  Atlantic  Ocean  near  the  South- 
western extremity  of  Ireland,  Table  II  shows  the  latitude 
and  longitude  of  the  74  stations  over  Europasia  at  which  a 
pressure  above  31*0  inches  was  recorded ;  and  also  the  number 
of  cases  occurring  at  each  of  these  stations. 

Table  II. — Latitude  and  longitude  of  the  high  centers. 


Button. 

L«t. 

Long. 

CMes. 

Station. 

Lat. 

Long. 

Casei. 

Viatka 

58*6 
58-4 
66-8 
66-6 
65*8 
668 
63-8 

4»?  E. 
921 
606 
860 
490 
37-6 
48-6 

1 
32 
4 
1 
2 
1 
3 

Barnaul 

63*3 
62-3 
62-2 
61-8 
51-2 
60-4 
41-3 

83-8  E. 
104-3 

210 
119-6 

71-4 

80-2 

69-3 

9 

YoDiseisk  . 

Irkutsk/. 

2 

Ekaterinburg    .. 
Tomsk            - .  - . 

Warsaw 

1 

Nertchinsk 

Akmolinski 

Semipalatinsk  ... 
Taskend 

7 

Easan    .  - 

I 

Moscow 

Krotkowo 

7 
*3 

With  but  one  exception,  these  stations  are  all  situated  be- 
tween the  parallels  of  60®  and  60^  Taskend,  being  situated  so 
far  south  of  the  other  stations,  has  a  suspicious  appearance. 
According  to  the  International  Bulletin  its  altitude  above  sea 
level  is  1607  feet,  but  the  altitude  is  marked  by  ?  as  if  con- 
sidered doubtful.  It  seems  probable  that  the  assumed  eleva- 
tion is  a  little  too  great,  and  that  the  barometric  pressure, 
reduced  to  sea  level,  is  consequently  somewhat  too  great. 
With  but  one  exception,  all  of  the  81  cases  included  in  Table 
I  are  situated  over  the  continents,  and  almost  invariably  at  a 
considerable  distance  from  both  the  Atlantic  and  Pacific 
*  Oceans,  and  the  exception  named  occurred  near  the  coast  of 
Ireland.  Not  a  single  case  of  pressure  amounting  to  31*0 
inches  has  been  found  over  the  Pacific  Ocean,  although  one- 
case  occurred  in  the  northwestern  part  of  North  America  near 
Behring  Strait.  These  facts  clearly  show  the  influence  of  the 
continents  in  favoring  the  formation  of  areas  of  very  high 
pressure ;  and  over  Europasia  these  cases  occur  chiefly  between 
the  parallels  of  50°  and  60°.  . 

The  observations  in  Table  I  indicate  that  these  high  areas 
are  nearly  stationary  in  position.  At  each  station  from  day  to 
day  there  are  slight  fluctuations  of  pressure  which  give  to  the 
high  center  the  appearance  of  moving  rapidly  to  and  fro,  but 
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in  general  for  the  14  cases  in  which  the  pressure  of  31*0  inches 
"was  maintained  for  at  least  two  successive  days,  the  position  of 
the  high  center  on  the  last  day  did  not  diflTer  greatly  from  its 
position  on  the  first  day.  In  No.  1  the  high  center  did  not 
fluctuate  greatly  in  position  for  eight  days,  but  apparently 
advanced  a  little  toward  the  south  and  west.  No.  2  continued 
for  ten  days,  and  on  the  last  day  the  center  was  found  at  the 
same  station  as  on  the  first  day.  No.  4  remained  stationary 
for  five  days ;  No.  12  stationary  for  two  days ;  No.  13  for 
three  days ;  Nos.  17,  26,  33  and  36  stationary  for  two  days ; 
No.  6  moved  slightly  toward  the  south  and  west ;  No.  10 
moved  slightly  toward  the  south  and  east;  No.  30  continued 
for  seven  days  and  apparently  moved  a  little  toward  the  north 
and  east;  No.  31  also  appeared  to  move  a  little  toward  the 
north  and  east.  We  thus  find  that  in  the  14  cases  in  which 
'the  pressure  of  31*0  inches  was  maintained  for  at  least  two  suc- 
cessive days;  in  eight  of  them  the  center  apparently  made  no 
progress;  in  three  cases  there  was  a  slight  movement  toward 
the  east,  and  in  three  cases  a  slight  movement  toward  the  west; 
in  two  cases  there  was  a  slight  movement  toward  the  north, 
and  in  four  cases  a  slight  movement  toward  the  south.  The 
facts  all  indicate  that  these  high  areas  had  no  very  distinctly 
marked  progressive  movement. 

The  mean  diameter  of  these  high  areas  measured  in  a  direc- 
tion from  norih  to  south  (which  was  generally  the  shortest 
diameter)  is  55  degrees  of  a  meridian,  or  about  3800  English 
miles.  The  mean  diameter  in  an  East  and  West  direction  is 
71  degrees  of  a  meridian,  or  about  4900  English  miles ;  and  if 
we  had  measured  the  actual  extent  of  the  isobar  30*0  inches 
near  a  parallel  a  little  south  of  the  high  center,  we  should  have 
found  considerably  larger  dimensions. 

The  low  temperature  attending  these  high  areas  is  quite 
remarkable,  the  mean  temperature  from  the  74  cases  over 
Europasia  being  —18^  Fahr. ;  and  the  observations  were  taken 
at  7  A.  M.  Washington  time,  which  for  the  center  of  Europasia 
is  near  the  warmest  part  of  the  day.  Column  7th  of  Table  I 
shows  how  much  the  thermometer  at  each  station  was  de- 
pressed below  its  mean  height  for  the  given  time  and  place. 
The  average  of  the  numbers  in  this  column  is  —19*^  F.,  which 
is  considerably  less  than  for  like  cases  in  the  United  States ; 
but  this  appears  to  be  mainly  due  to  the  fact  that  in  Central 
Asia  the  thermometer  is  almost  uninterruptedly  low  at  this 
season  of  the  year.  There  were  however  several  cases  in  which 
the  thermometer  was  but  slightly  below  its  mean  height,  and 
there  were  two  cases  in  which  the  thermometer  was  slightly 
above  the  mean.  In  Table  III,  I  have  given  all  the  cases  in 
which  the  depression  of  the  thermometer  below  its  mean  height 
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for  the  given  time  and  place  was  less  than  6  degrees,  and  I 
have  added  various  particulars  which  are  designed  to  shed  some 
light  upon  the  cause  of  this  peculiarity.  Column  Ist  gives  the 
dates  of  the  cases;    column  2d  gives  the  station  of    highest 

Eressure;  column  3d  gives  the  depression  of  the  thermometer 
elow  its  mean  height  at  this  station.     Column  4th  shows  the 
degree  of  cloudiness  at  this  station  (scale  0-lQ) ;  column  5th 

S'ves  a  station  not  very  remote  from  the  preceding  where  the 
ermometer  was  more  depressed  below  the  mean ;  column  6th 
shows  the  temperature  at  this  station;  column  7th  shows  how 
much  the  thermometer  at  this  station  was  depressed  below  the 
mean,  and  column  8th  gives  several  stations  where  the  sky  was 
entirely  overcast  with  clouds,  and  at  most  of  these  stations 
there  was  some  precipitation  in  the  form  of  snow  or  rain. 

Table  HI. —  Cases  ofunusuaUy  high  temperature  with  high  pressure. 


Date. 

MAximam 
pr«Mure. 

Below 
mean. 

o 

+  6 

-4 

-1 

-4 

0 

-3 

+  3 

0 

0 

Cload. 

0 

0 

1 

9 

4 
10 

1 

8 
10 

Bztreme  cold. 

Bky  entirely  overcMt. 

•    BUtlon. 

Therm. 

Below 
mean. 

1878.  Deo.  28 

1880.  Jan.  24 

1881.  Mar.  23 
Nov.   4 
Dec.  14 

27 

1882.  Jan.  16 
Feb.  20 

1883.  Nov.  16 

Yeniseisk. 

Yeniseisk. 

Barnaul. 

Yeniseisk. 

Yeniseisk. 

Yeniseisk. 

Warsaw. 

N.  Ireland 

Viatka. 

Irkutsk, 
fikaterinb. 

Barnaul." 
Barnaul. 
Barnaul 
Kiew. 

Semipalat. 

-29 
-17 

-2 
-12 
-23 
+  14 

+  '6 

-lb 
-22 

-19 
-18 
-29 
-  9 

-14 

Turucbansk,  Eainsk.  Irkutsk. 
I'urucbansk,  Ekaterinburg. 
Turucbansk,  Ekat.  Kainsk. 
Tunich.,  Tomsk,  Akmolinsk. 
Turucbanskf  Akmolinsk,  Kkat. 
Yeniseisk,  Turucbansk,  Ekat. 
Dorpat,  Moscow,  Munich. 
Valencia,  Plyra.,  Bordeaux. 
Viatka,  Dorpat,  Easan. 

We  see  that  in  these  cases  there  was  generally  a  station  not 
very  remote  from  the  center  of  high  pressure  where  the  ther- 
mometer was  more  depressed  than  it  was  at  the  high  center, 
which  agrees  with  what  has  been  found  for  the  United  States. 
We  also  see  that  in  only  two  of  the  cases  was  the  sky  at  the 
center  of  high  pressure  entirely  free  from  clouds,  and  in  each 
case  there  were  stations  not  very  remote  where  the  sky  was 
entirely  overcast  and  there  was  some  precipitation  in  the  form 
of  rain  or  snow.  These  facts  seem  to  indicate  that  the  com- 
paratively high  temperature  attending  these  high  areas  was 
due  to  local  disturbances  which  gave  rise  to  cloudiness  and  the 
consequent  development  of  heat. 

In  order  to  ascertain  whether  an  unusually  low  temperature 
in  Central  Asia  is  generally  attended  by  a  barometric  pressure 
considerably  above  the  mean,  I  have  selected  all  the  cases  in 
which  the  thermometer  at  Yeniseisk  fell  as  low  as  —86*^  C, 
during  a  period  of  seven  years  (1876-1882)  and  opposite  to 
each  temperature  I  have  placed  the  barometric  pressure  for  the 
same  dates.    The  particulars  are  shown  in  Table  IV. 
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TABI.B   IV 

'. — TTiermometer  — 

-36^  CerU.  at  Yeniseisk,  CerUral  Asia. 

1 
Dtu.         Ther. 

1 

Bar. 

Above 
mean. 

1 

Date. 

Ther. 

Bar. 

Above  1 
mean. 

Date.        Ther. 

1 

Bar. 

Above 
mean. 

1876. 

1 

1877. 

1 

1879.    > 

Jml       7:  —391 

772-6'  +   8-7' 

Dec. 

27 

-37% 

774-4 

+   8-8; 

Nov.    28  -37-3 

761-1 

-  0-1 

8|'  —380 

73-8|  4.10-0 

1878. 

!l            29  -40-6 

72-4 

+  11-2 

31    —361 

62-7   -  11 

Jan. 

2 

—370 

72-8 

+   90^     1880.    i 

FiBb       li  —46-9 

65-1    +   3-9 

7 

-39-2 

80-8 

+  170,  Jan.     16,  —38  8 

78-6 

+  14-7 

V  —38-2 

63-9    +   2-7 

8 

-38-2 

83-1 

+  19-3'             17-41-6 

80-0 

+  16-2 

13    -38-2 

6711  -  41 

9 

-39-6 

80-6 

+  16-8I'            19  -36-7 

82-6 

+  19-8 

14   -40  3 

61-6   -  9-6 

10   -.38-7 

79-9 

+  161'            26-36-1 

72-0 

+   8-2 

Nov.    30   -390 

7l0l  +   9-8 

25  -37-8 

71-8 

+   8  o!  Feb.    16  -36-1 

75-2 

+  14-0 

Dec      1,  -431 

73-2    +   7-6 

26  -37-7 

76-8 

+  130              17,-37-0 

73-7 

+  12-6 

13   -36-9 

76-0'  +   9-4 

27   -37-1 

74-3 

+  10-6i!            18   -38-2 

68-9 

+   7-7 

14   -390 

73-1'  +   7*6 

28  -37-6 

72-1 

+   8-3,'Dec.    10  -37-6 

70-2 

+   4-6 

29    —37-7 

72-9,  +   7-3 

Feb. 

1   -"370 

67-9 

+   6-7i,            11'  -37-9 

72-8 

+   7-2 

1877.    ' 

1 

Nov. 

61  —37-4 

69-2 

+   8-0'             12  -380 

76-9 

+  11-3 

Jml      9   -39-7 

81-6!  +17-7 

Dec. 

6'  -36-6 

56-5 

-  9-1'     1881.    j 

10    -461 

81-8    +18-0 

6  -410 

69-9 

-  6-7i  Feb.      2  -39-2 

76-7 

+  16-6 

18   — 36  1 

62-4  -   1-4 

71  -36-6 

68  1 

+   2-6             12  -40-0 

77-2 

+  160 

20l  -36-4 

62-7|  -   1-1 

8  -38-0 

65-6 

OO!;            21'  -37-3 

631 

+   1-9 

21,  -46  6 

64-6,  +   0-8 

9  -44-9 

699 

+   4-3              22  -36-8 

72-6 

+  11-4 

22,  -48-8 

74-9,  +11-1 

101  -48-0 

74-4 

+   8-8  ,            23  —39-6 

68-8 

+  7-6 

28    -42-4 

60-3 

-  3-6 

11 

-40-3 

77-6 

+  120|  Mar.      1   -37  1 

84-0 

+  23-7 

29|  -45-6 

67-5 

+   3-7 

13 

-37-6 

77-9 

+  12-3 

Nov.    29  -370 

68-3 

+   7-1 

30,  -41-7 

68-3 

4-  4-6 

21 

-42-9 

78-7 

+  13-1 

30'  -38  0 

70-0 

+  8-8 

311  -361 

74-1 

+  10-3 

22 

-42-9 

82-2 

+  16-6 

Dec.       li  —380 

66-3 

+   0-7 

Feb.      4|  -361 

64-9 

+   3-7 

23 

-40-2 

82-7 

+  17-2 

21  -36-6 

66-7 

+   0-1 

6  -^1-7 

63-9 

+   2-7 

1879. 

23   -36-2 

71-1 

+   6-6 

6   -381 

661 

+  49 

Jan. 

17 

-410 

631 

-  0-7 

1882. 

7,  -37-8 

71-4 

+  10  2 

18 

-60-0 

66-9 

+  3-1 

Dec      1   -41-8 

68-3 

-  7.3 

8    -36-8 

72-6 

+  11-4 

19:  _54.i 

73-5 

+  9-7 

1              31  -420 

64-6 

-  1.0 

9   -40-6 

76-0 

+  13-8 

201  -46-6 

741 

+  10-3,               6-38-4 

73-4 

+  7-8 

Dec    11    -38-6 

61-6;  -140 

24,  -380 

720 

+   8-2/              71  -46-7 

77-2 

+  11-6 

12  -46-4 

61-9  -  3-7 

26!  -42-7 

73-8 

+  100,              8-490 

76-3 

+  107 

13 

-60-7 

661   —  0-6 

261  -43-7 

74-4 

+  10-6'               9 

-486 

75-5 

+  9-9 

14 

—  50-6 

72-8   +   7-2 

27 i  -43-9 

66-3 

+   2-6'            17 

-39-6 

84-4 

+  18-8 

16 

-46-5 

81-1    +15-5 

Feb. 

15|  -38-4 

686 

+   7-3             24 

-421 

76-3   +  9-7 

16 

—44-6 

87-91  +22-3 

16,  -46-4 

74-9 

+  13-7'            26 

-44-4 

77-9   +12-3 

23 

-37-6 

77-01  +11-4 

17,  -40-6 

69-7 

+   8-6              26 

-40-8 

70-6'  +   6-0 

26 

-37-0 

76-7 

i+lll 

22 

1  -37-7 

69-2 

+   80 

1 

The  mean  pressure  at  Yeniseisk  (not  reduced  to  sea  level) 
is  as  follows:  January  763-8"™;  February  761*2™ ;  March 
759-8™;  November  761-2™ ;  December  765-6™.  From  these 
values  I  have  deduced  the  numbers  given  in  column  4th  of  the 
table,  showing  for  each  date  in  millimeters  how  much  the 
barometer  was  above  or  below  its  mean  height.  The  average 
of  the  numbers  in  this  column  is  +7-8™  (=0-31  inch) ;  that 
is  when  the  thermometer  at  Y^iseisk  sinks  as  low  as  —36°  C. 
the  barometer  is  generally  0-31  inch  above  its  mean  height  In 
only  one  case  (Dec.  16,  1877)  did  the  barometer  rise  as  high  as 
31-0  inches.  We  find  then  that  extremelv  low  temperatures 
are  generally  attended  by  a  pressure  somewhat  above  the  mean, 
but  seldom  by  an  extremely  high  pressure.     Moreover  we  find 
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15  cases  (one-seventh  of  the  whole  number)  in  which  the  pres- 
sure was  below  the  mean. 

The  most  remarkable  case  of  low  pressure  occurred  Dec.  11, 
1877.  On  the  9th  of  December  there  was  an  area  of  low  pres- 
sure near  Yeniseisk  (29*63  inches)  accompanied  by  a  tempera- 
ture very  much  above  the  mean.  On  the  next  day  the  barome- 
ter rose  slowly  and  the  thermometer  sunk  rapidly.  On  the 
11th  the  thermometer  continued  to  sink  and  the  barometer  also 
descended  slightly,  but  the  stations  of  oT3servation  are  not  suffi- 
ciently numerous  to  indicate  clearly  the  cause.  For  six  suc- 
cessive day6  the  thermometer  remained  below  —36*^  C.  and  the 
barometer  rose  steadily,  standing  at  790-4°^  at  9  P.  M.  Dec. 
16th.  This  cold  wave  came  from  the  northeast  and  preceded 
the  high  pressure,  and  the  high  pressure  of  Dec.  16th  wap  ap- 
parently the  eflFect  of  the  long  continued  and  severe  cold  which 
preceded  it 

The  case  of  Dec.  5  and  6,  1878,  was  similar  to  the  preceding. 
On  the  4th  of  December  there  was  an  area  of  low  pressure  near 
Yeniseisk  (29*69  inches)  accompanied  by  a  high  temperature. 
On  the  next  day  the  thermometer  fell  rapidly,  but  the  barom- 
eter rose  slowly.  The  thermometer  continued  very  low  until 
the  13th,  and  the  barometer  rose  steadily  during  the  same 
period,  with  the  exception  of  a  slight  check  on  the  8th,  the 
reason  of  which  does  not  fully  appear.  In  this  case  the  cold 
wave  appeared  to  come  from  the  northeast,  and  preceded  the 
high  pressure  which  was  apparently  the  eflFect  of  the  long  con- 
tinued and  extreme  cold. 

The  case  of  Feb.  14,  1876,  was  similar  to  the  preceding.  On 
the.  10th  of  February  there  was  an  area  of  low  pressure  near 
Yeniseisk  (29*06  inches)  accompanied  by  a  temperature  much 
above  the  mean.  x\fter  this,  the  thermometer  sunk  steadily 
until  the  morning  of  the  14th,  and  the  barometer  rose  slowly 
until  the  13th. 

The  case  of  Dec.  1,  1882,  was  also  similar  to  the  preceding. 
On  the  28th  of  November  there  was  an  area  of  low  pressure 
near  Yeniseisk  (29*68  inches)  accompanied  by  a  high  tempera- 
ture. After  this,  the  thermometer  fell  rapidly,  but  the  barom- 
eter rose  slowly. 

All  of  these  exceptional  cases  appear  to  have  been  preceded 
by  an  area  of  low  pressure,  after  which  the  barometer  rose  slowly 
but  the  thermometer  sunk  rapidly,  and  this  sudden  fall  of 
the  thermometer  appears  to  kave  resulted  mainly  from  the 
previous  existence  of  a  cold  area  in  the  northeast,  which  cold 
air  pressed  rapidly  into  the  area  of  low  pressure  as  soon  as  the 
barometer  began  to  rise. 

We  have  thus  found  that  over  Europasia,  areas  of  high  pres- 
sure frequently  cover  a  vast  extent  of  territory ;  the  barometer 
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rises  to  a  height  unknown  in  any  other  part  of  the  world  ;  the 
thermometer  sinks  very  low  ;  and  the  center  of  the  high  area, 
although  it  vibrates  to  and  fro,  from  day  to  day,  appears  to 
have  no  decided  progressive  motion.  The  highest  pressure 
shown  in  table  I  is  31*68  inches  at  Barnaul,  and  is  the  highest 
pressure  at  any  of  the  stations  reported  in  the  International 
bulletin.  The  number  of  Russian  stations  from  which  reports 
were  received  is  only  22,  whereas  the  number  reported  in  the 
Annalen  des  Physikalischen  Central  Observatoriums  is  over 
100,  and  one  of  these  stations  shows  a  pressure  higher  than 
Barnaul.  At  Ssemipalatinsk,  on  Dec.  16th,  1877,  the  pressure 
was  784-5"™,  which  reduced  to  sea  level  (altitude  607  feet  and 
temperature  —  49°  Cent.)  amounts  to  81*72  inches.  This  is  the 
highest  pressure  I  have  found  reported  at  any  time  for  any  part 
of  the  globe. 

These  high  aroas  are  characterized  by  another  circumstance 
no  less  remarkable,  viz:  their  long  duration.  For  eight  suc- 
cessive days  from  Dec.  14th,  1877,  a  pressure  of  31*0  inches  was 
maintained  near  the  center  of  Europasia,  and  it  was  renewed 
CD  the  31st  to  continue  for  ten  successive  days.  Moreover 
between  these  two  periods,  the  high  area  steadily  maintained  its 
position,  and  the  pressure  at  the  center  at  no  time  sunk  below 
30*78  inches.  A  nigh  area  had  also  existed  in  nearly  the  same 
region  for  twelve  days  preceding  Dec.  14th,  and  it  continued 
for  eleven  days  succeeding  Jan.  9th,  so  that  for  50  successive 
days  there  was  an  area  of  high  pressure  covering*  nearly  the 
whole  of  Europasia,  exhibiting  considerable  fluctuations  in 
magnitude,  but  having  no  very  decided  progressive  movement, 
and  during  this  whole  period  the  pressure  at  the  center  never 
fell  as  low  as  80*5  inches.  In  order  to  exhibit  these  phenomena 
more  clearly  I  have  prepared  table  V,  which  shows  the  most 
important  facts  which  can  be  collected  from  the  International 
Bulletin. 

The  arrangement  is  similar  to  that  of  preceding  tables.  Col- 
umns 2  and  8  show  the  position  of  the  station  where  fhe 
barometer  was  highest,  and  the  six  succeeding  columns  show 
the  pressure,  temperature,  humidity,  direction  and  force  of  the 
wind,  and  amount  of  cloudiness  at  the  same  station. 

On  Dec.  2d  the  isobar  of  30  inches  enclosed  the  principal 
part  of  Europasia.  The  barometer  at  Archangel  stood  at  30*58 
inches,  and  at  Kasan  it  stood  at  30*55  inches,  the  center  of  the 
high  area  being  near  lat.  60^  The  temperature  was  somewhat 
above  the  mean  for  that  season  of  the  year,  and  the  winds  blew 
outward  from  the  high  area,  at  some  places  with  considerable 
force.  Apparently  this  high  pressure  resulted  from  the  air 
which  rose  from  an  area  of  low  pressure  prevailing  near  South 
Greenland,  which  air  moved  eastward  and  settled  down  over 
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Table  V. — Long  continued  high  pressure 

over  JSuropasia. 

1 

wind 

Lat. 
North. 

LoDff.    1  Barom. 
But.     1  tUsfaeat. 

Therm. 
F*hr. 

humidity 

■S 

Die. 

0 

From. 

Vcloc. 

u 

1877. 

Dec.      1 

63''-3 

83*8 

30-48 

+   6^ 

91 

Calm. 

0 

0 

2 

64-5 

40-5 

•58 

+  26 

96 

ES.B. 

18 

10 

2 

55-8 

491     1      -55 

+  18 

63 

Calm. 

0 

0 

3 

56-5 

60-6           -73 

+   6 

100 

Calm. 

0 

0 

4 

558 

37-7 

•74 

+  19 

100 

S. 

9 

10 

6 

55  8 

37-7 

•75 

+  21 

98 

S.S.B. 

4 

10 

6 

55-8 

37-7 

•80 

+  11 

93 

S. 

7 

0 

7 

55-8 

377 

•73 

+  15 

91 

S. 

9 

7 

8 

41  3 

49-3 

•63 

+  27 

87 

Calm. 

0 

3 

9 

41-3 

49.3 

•64 

+  30 

94 

Calm. 

0 

0 

10 

55-8 

37-7 

•52 

+  15 

94 

& 

7 

5 

11 

55-8 

37-7 

•60 

+  12 

93 

S. 

9 

10 

12 

53  8 

48  6 

•68 

+  25 

88 

N.W. 

4 

10 

13 

56-8 

60-6 

•87 

-22 

79 

Calm. 

0 

0 

14 

56-8 

60-6 

31-37 

-31 

76 

Calm. 

0 

1 

16 

53-3 

83-8 

•30 

-55 

73 

Calm. 

0 

0 

16 

5:V3 

83-8 

•63 

-54 

74 

S. 

2 

0 

17 

633 

83-8 

•63 

—50 

72 

Calm. 

0 

1 

18 

63-3 

83-8 

•45 

-41 

76 

Calm. 

0 

10 

19 

68-4 

921 

•37 

-17 

83 

Calm. 

0 

0 

20 

55-8 

49-1 

•26 

+    1 

95 

Calm. 

0 

2 

21 

41-3 

69-3 

.0« 

+   2 

86 

Calm. 

0 

10 

22 

58  4 

921 

3096 

-26 

85 

W. 

2 

0 

23 

68-4 

92-1 

•97 

-30 

85 

Calm. 

0 

0 

24 

68-4 

92- 1 

•78 

-16 

87 

Calm. 

0 

10 

25 

584 

92-1 

•90 

-22 

86 

Calm. 

0 

0 

26 

584 

92-1 

•91 

-30 

85 

Calm. 

0 

0 

27 

53-4 

921 

•87 

-27 

86 
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Northern  Bassia.  A  small  area  of  low  pressure  which  pre- 
vailed over  Southwestern  Europe,  and  a  low  area  which  ap* 
Earently  prevailed  near  the  northern  boundary  of  Asia  may 
ave  contributed  to  this  effect.  For  the  four  following  days, 
the  phenomena  remained  nearly  the  same,  but  the  pressure 
near  the  center  of  the  high  area  increased,  and  on  the  6th  the 
isobar  of  80  inches  included  almost  the  whole  of  Asia,  extend- 
ing into  the  Pacific  Ocean  on  the  east,  and  it  also  included  a 
large  part  of  Europe.  On  the  7th  there  was  a  slight  diminu- 
tion of  pressure  which  continued  during  the  three  following 
days,  and  this  was  apparently  the  effect  of  a  low  area  in  North- 
ern Asia  which  drew  off  the  air  from  the  Northern  side  of  the 
high  area,  and  the  center  of  the  high  area  was  thereby  carried 
southward.  On  the  10th  the  pressure  on  the  north  side  was 
restored,  and  the  center  of  the  high  area  moved  northward,  but 
the  barometer  did  not  commence  rising  until  the  following  day. 
On  the  11th  the  barometer  began  to  rise,  and  now  the  small  low 
area  which  had  prevailed  over  Southern  Europe  since  Dec.  2d 
was  obliterated  by  the  advance  of  a  high  area  from  the  Atlantic 
Ocean.  On  the  12th  the  barometer  rose  somewhat  higher  ;  at 
.most  places  the  wind  had  subsided  almost  to  a  calm,  and  the 
air  was  generally  less  humid.  On  the  13th  the  rise  in  the 
barometer  was  more  decided,  and  now  a  great  change  of  tem- 
perature which  for  several  days  had  been  steadily  advancing 
from  the  eastward,  had  reached  the  center  of  high  pressure. 

On  the  Hth  the  isobar  81*0  inches  included  an  area  about 
1400  miles  in  length  and  800  in  breadth,  and  the  pressure 
attained  its  maximum  between  the  16th  and  17th.  On  the  19th 
the  isobar  81*0  inches  apparently  included  an  area  3400  miles  in 
length,  and  1450  miles  in  breadth.  Throughout  the  Central  por- 
tions of  this  high  area,  the  air  was  dry,  the  wind  subsided  almost 
to  a  calm,  and  the  sky  was  generally  cloudless.  After  the  17th 
the  barometer  began  to  fall,  the  temperature  rose  somewhat,  the 
humidity  of  the  air  increased,  and  there  was  some  cloudiness, 
but  the  clouds  were  reported  light  This  decline  of  pressure 
may  have  been  due  to  the  fact  that  the  outward  movement  of 
the  air  from  the  high  area  had  become  greater  than  the  supply 
from  the  low  areas  before  named,  two  of  which  had  now  become 
extinct.  After  the  20th  the  low  area  which  had  prevailed  over 
the  Atlantic  Ocean  advanced  eastward,  and  on  the  14th  the 
isobar  29*0  inches  included  the  whole  of  Norway,  by  which 
means  the  pressure  throughout  Europe  and  Western  Asia  was 
greatly  reduced.  At  the  same  time  there  was  some  increase  of 
temperature,  but  theriseof  the  thermometer  indicated  by  Table 
V  on  the  20th  and  21st,  was  due  mainly  to  a  change  of  position 
of  the  high  center.  The  thermometer  at  Barnaul  still  continued 
30  degrees  below  zero  of  Fahrenheit 
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After  the  24th  the  low  area  over  Norway  was  diverted  west- 
ward, perhaps  by  the  warmer  and  more  humid  air  upon  that 
side,  and  after  the  27th  the  pressure  over  Asia  began  to 
increase,  and  reached  81*0  inches  on  the  3 1st,  at  which  time  the 
conditions  were  similar  to  what  they  had  been  on  the  14th,  but 
the  cold  at  the  center  of  the  high  area  was  less  intense.  The 
region  of  greatest  cold  was  near  the  center  of  Asia,  but  up  to 
Jan.  5th  the  center  of  the  high  area  was  in  Eastern  Europe  or 
in  Western  Asia.  The  high  area  was  apparently  attracted  west- 
ward by  a  second  high  area  in  the  neighborhood  of  Spain  which 
coalesced  with  the  Asiatic  area  on  the  3d.  On  the  4th  a  con- 
siderable area  of  low  pressure,  which  on  the  preceding  day  had 
prevailed  near  the  coast  of  Norway,  pushed  farther  eastward,  by 
which  means  the  pressure  in  Northern  Europe  was  diminished 
and  the  center  of  high  pressure  moved  eastward.  It  now  came 
into  the  region  where  a  very  low  temperature  had  been  prevail- 
ing since  the  beginning  of  December.  Simultaneously  with  the 
fall  in  temperature,  the  pressure  at  the  center  increased  and 
continued  thus  through  the  9th.  On  the  10th  the  barometer  fell 
below  31'0  inches  and  for  the  next  10  days  continued  with  some 
fluctuations  to  decline  until  it  fell  below  30*5  inches.  The  most 
important  cause  for  this  decline,  as  far  as  can  be  learned  from 
the  International  maps,  was  the  eastward  progress  of  the  low 
area  in  Europe  already  mentioned.  This  low  area  drew  oflF 
the  air  from  the  western  side  of  the  Asiatic  high  area,  and  after 
the  9th  the  high  area  was  not  built  up  on  its  eastern  side  as  fast 
as  it  was  reduced  on  its  western  side.  On  the  16th  and  17th  a 
low  area  from  the  Pacific  Ocean  crowded  the  high  area  on  its 
northeast  side,  in  consequence  of  which  the  center  of  the  high 
area  move9  southward.  The  rise  of  the  thermometer  shown  by 
Table  V,  from  the  16th  to  the  19th  was  the  result  of  this  south- 
ward movement  of  the  center  of  high  pressure.  At  Nertchinsk 
the  thermometer  still  remained  below  zero  of  Fahrenheit  On 
the  19th  the  Pacific  low  area  was  filled  up  by  the  air  which 
pressed  in  from  the  north,  and  the  result  was  a  slight  increase 
of  the  high  area  over  Central  Asia.  This  increase  was  how- 
ever but  temporary,  for  on  the  21st  the  storm  which  had  long 
prevailed  in  Europe  gained  a  considerable  increase  of  intensity 
while  a  low  area  of  moderate  extent  pushed  northward  from  the 
Persian  Gulf,  and  by  the  union  of  these  two  low  areas  the  high 
area  over  Asia  was  completely  broken  up,  and  on  the  22d  the 
highest  pressure  reported  at  any  of  the  Russian  stations  was 
80 '3  inches. 

The  history  of  this  high  area  which  for  50  successive  days 
covered  a  large  portion  of  Europasia,  and  which  obtained  a 
maximum  greater  than  has  ever  been  known  at  any  other  time 
in  any  part  of  the  world,  ought  to  furnish  a  basis  for  some 
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importaDt  conclusions.  If  it  should  be  asked  what  is  the  cause 
of  areas  of  high  pressure,  the  answer  is  plain,  they  are  the  nee- 
esfary  concomitants  of  areas  of  low  pressure.  If  at  any  place  of 
the  earth's  surface  the  barometer  sinks  below  its  mean  height, 
it  must  rise  above  its  mean  height  at  some  oiher  place.  If  we 
find  an  area  of  low  pressure  of  viEtst  extent,  we  know  that  there 
must  be  a  corresponding  area  of  high  pressure  in  some  other 
part  of  the  world.  For  the  entire  globe,  the  total  amount  of  air 
which  at  any  instant  is  elevated  above  the  mean  level  surface 
must  be  exactly  equal  to  the  total  amount  which  in  other 
regions  is  abstracted  from  beneath  the  mean  level  surface. 
Areas  of  high  pressure  are  therefore  built  up  by  air  which 
comes  from  areas  of  low  pressure.  We  also  know  that  within 
an  area  of  low  pressure  at  the  surface  of  the  earth,  there  is  a 
general  movement  of  the  air  inward;  that  near  the  central  por- 
tion of  this  area  the  air  ascends  and  flows  off  to  other  portions 
of  the  globe.  Also  within  an  area  of  high  pressure  at  the  sur* 
liftce  of  the  earth,  there  is  a  general  movement  of  the  air  outward  ; 
and  since  high  areas  often  continue  many  days  and  sometimes 
many  weeks,  there  must  be  a  fresh  accession  of  air  at  the  top  to 
supply  the  place  of  the  air  which  is  drawn  off  by  the  outward 
movement  near  the  surface  of  the  earth.  The  air  which  ascends 
from  an  area  of  low  pressure  goes  therefore  to  maintain  the 
descending  movement  within  an  area  of  high  pressure.  This 
deduction  seems  so  obvious  as  scarcely  to  require  confirmation 
from  direct  observations.  It  has  however  oeen  abundantly 
confirmed  by  an  extensive  series  of  observations  on  the  move- 
ment of  cirrus  clouds  made  in  1875  and  76  under  the  direction 
of  Dr.  Hildebrandsson.  By  these  observations  it  has  been 
shown  that  the  air  which  ascends  from  an  area  of  low  pressure, 
after  reaching  an  elevation  corresponding  to  the  usual  height  of 
the  cirrus  clouds,  recedes  from  the  center  of  the  low  area,  and 
moves  toward  an  area  of  high  pressure. 

When  we  attempt  to  apply  this  general  principle  to  a  particu- 
lar case  we  are  frequently  in  doubt  as  to  the  particular  low  area 
from  which  a  given  high  area  draws  its  supply  of  air.  In  the 
observations  collected  by  Dr.  Hildebrandsson,  when  a  low  area 
prevailed  over  the  Atlantic  Ocean  and  a  high  area  over  Eastern 
Europe,  the  cirrus  clouds  generally  moved  toward  the  area  of 
high  pressure  on  the  east  side ;  but  when  a  low  area  prevailed 
over  Eastern  Europe  with  a  high  area  over  the  Atlantic  Ocean 
the  cirrus  clouds  generally  moved  toward  the  area  of  high 
pressure  on  the  west  side.  It  is  noticeable  that  the  period  of 
greatest  barometric  pressure  over  Europasia  corresponds  with 
the  period  of  least  pressure  over  the  Atlantic  Ocean.  There 
does  not  therefore  seem  to  be  an  v  room  for  doubt  that  the  high 
areas  of  !^uropasia  derive  their  chief  supply  of  air  from  the  low 
areas  which  prevail  over  the  Atlantic  Ocean. 
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If  we  enquire  for  the  cause  of  the  low  temperature  which 
generally  attends  areas  of  high  pressure,  I  think  we  must  admit 
that  the  low  temperature  is  in  part  the  cause  and  in  part  the 
effect  of  the  high  pressure.  A  low  temperature  increases  the 
density  of  the  air,  and  the  height  of  a  given  weight  of  air  is 
thereby  diminished.  Its  pressure  is  not  however  thereby 
increased,  but  the  void  left  in  the  upper  regions  of  the  atmos- 
phere must  be  filled  by  air  flowing  in  from  neighboring  regions, 
and  the  pressure  over  the  cold  area  is  thus  increased.  The 
reduced  temperature  becomes  indirectly  a  cause  of  increased 
pressure.  This  high  pressure  accompanied  by  extreme  cold 
generally  results  in  a  calm  and  dry  atmosphere  free  from  clouds. 
The  heat  of  the  earth's  surface  is  now  rapidly  dissipated  by  radia- 
tion, and  thus  the  high  pressure  becomes  a  source  of  increased 
cold.  High  pressure  and  low  temperature  reinforce  each  other, 
and  they  are  almost  invariably  associated,  particularly  in  the 
extremely  high  pressures  which  occur  during  the  colder  months 
of  the  year. 

The  long  duration  of  areas  of  high  pressure  over  Europasia 
appears  to  be  due  to  the  favorable  conditions  for  the  formation 
of  such  areas  which  prevail  in  this  part  of  the  world  during  the 
winter  months.  During  this  period,  areas  of  low  pressure  of 
extreme  violence  prevail  almost  uninterruptedly  over  the 
Atlantic  Ocean,  and  the  air  which  here  ascends  moves  eastward 
and  settles  down  over  Europasia.  This  is  a  vast  continent,  the 
<sentral  portions  of  which  are  removed  to  a  great  distance  from 
any  large  body  of  water.  Here  the  sources  of  atmospheric  dis- 
turbances are  few — the  air  is  generally  tranquil  and  without 
much  cloudiness — the  heat  of  the  earth  is  rapidly  wasted  by 
radiation — and  the  low  temperature  reenforces  the  high  pres- 
sure. Thus  during  the  winter  months,  high  pressure  over  Asia 
becomes  as  habitual  as  low  pressure  over  the  Atlantic  Ocean. 

During  each  of  the  winters  from  1878  to  1884  the  areas  of 
high  pressure  over  Europasia  exhibited  characteristics  similar 
to  those  we  have  found  for  the  winter  of  1877-8.  In  the  win- 
ter of  1878-9  from  Dec.  18,  1878  to  Feb.  11,  1879,  a  period  of 
56  days,  an  area  of  hi^h  pressure  prevailed  over  a  large  portion 
of  Europasia,  and  during  this  period  the  pressure  at  the  center 
at  no  time  sunk  below  30'5  inches.  At  three  different  times 
during  this  period  the  barometer  rose  above  81*0  inches  and  it 
attained  a  maximum  of  31*26  inches.  During  the  winter  of 
1879-80  an  area  of  high  pressure  prevailed  over  Europasia 
from  Jan.  5th  to  March  4th,  1880,  a  period  of  60  days  without 
at  any  time  sinking  below  80*5  inches;  and  on  eight  different 
days  the  pressure  was  as  high  as  81*0  inches,  the  maximum 
being  31*17  inches.  During  the  winter  of  1881-2  an  area  of 
high  pressure  prevailed  over  some  part  of  Europasia  from  Nov. 
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27,  1881  to  Feb.  25,  1882,  a  period  of  91  days,  during  which 
time  the  barometer  at  some  one  of  the  stations  was  observed  as 
high  as  30*5  inches.  On  six  days  the  barometer  rose  above 
81*0  inches  and  it  attained  a  maximum  of  81"2  inches. 

In  reviewing  the  history  of  these  seven  years  we  must  con- 
clude that  the  areas  of  high  pressure  which*  are  so  prevalent 
over  JEuropasia  during  the  winter  months  show  no  decided  pro- 
gressive movement  in  any  fixed  direction.  They  often  remain 
nearly  stationary  for  weeks  in  succession,  with  only  such  ap- 
parent motion  as  is  due  to  a  slight  decline  in  some  places  and 
a  slight  reenforcement  in  other  places,  resulting  perhaps  from 
local  causes,  or  from  some  change  in  the  circulation  of  the 
upper  strata  of  the  atmosphere. 

We  also  see  that  a  pressure  of  at  least  30*5  inches  is  almost 
uninterrupted  over  some  portion  of  Europasia  during  the  winter 
months,  and  the  interruptions  which  occasionally  occur  are  due 
to  areas  of  low  pressure  which  push  southward  from  the  higher 
latitudea  The  rarity  of  this  phenomenon,  and  the  smallness 
of  the  depression  when  it  does  occur,  illustrate  the  diflSculty 
which  an  area  of  low  pressure  experiences  in  penetrating  a 
huge  mass  of  very  cold  air. 

The  accompanying  plate,  derived  from  the  International 
observations,  will  give  a  more  distinct  idea  of  the  relation  of 
areas  of  high  and  low  pressure,  and  will  show  the  magnitude 
which  these  areas  sometimes  attain.  The  plate  gives  the  isobars 
for  Dec.  15,  1882,  and  shows  a  high  area  covering  nearly  the 
whole  of  Europe  and  Asia  and  extending  somewhat  over  the 
Pacific  Ocean.  Another  high  area  covers  nearly  the  whole  of 
North  America;  an  area  of  low  pressure,  with  its  isobars  very 
much  elongated,  stretches  entirely  across  the  Atlantic  Ocean, 
overlapping  portions  of  Europe  and  America;  and  another  area 
of  low  pressure  covers  a  large  part  of  the  North  Pacific  Ocean. 
Two  high  areas,  combined  with  two  low  areas,  make  the  entire 
circuit  of  the  northern  hemisphere  near  the  parallel  of  50^  A 
third  high  area,  of  moderate  elevation,  is  found  over  the  south- 
ern part  of  the  North  Atlantic,  and  there  is  a  fourth  high  area 
of  small  extent  over  the  Pacific  Ocean  near  the  coast  of  Cali- 
fornia. This  map  represents  in  an  exaggerated  form  the  aver- 
age distribution  of  pressure  during  the  winter  months,  viz: 
high  pressure  over  the  continents  and  low  pressure  over  the 
oceans. 

It  is  very  rare  that  so  small  a  number  of  areas  of  high  and 
low  pressure  complete  the  circuit  of  the  northern  hemisphere. 
Generally  the  areas  are  much  more  numerous  and  of  smaller 
dimensions ;  the  areas  are  of  very  unequal  size  and  are  com- 
bined in  very  irregular  positions ;  but  during  the  colder  months 
of  the  year,  low  areas  are  most  prevalent  over  the  Atlantic  and 
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Pacific  oceans ;  a  high  area  generally  prevails  over  Earopasia, 
frequently  showing  more  than  one  center  of  maximum  pressure, 
and  a  moderately  high  area  generally  prevails  over  some  part  of 
Norih  America,  but  it  is  not  as  persistent  as  the  high  area  over 
Asia. 

The  facts  stated  in  this  paper  clearly  show  that  the  movement 
of  areas  of  high  pressure  depends  upon  very  different  causes 
from  that  of  areas  of  low  pressure.  Areas  of  low  pressure  seem 
to  be  endowed  with  a  power  of  locomotion  which  resides  within 
themselves.  The  heat  liberated  in  the  condensation  of  vapor 
develops  a  power  which  draws  in  the  surrounding  air,  and  this 
motion,  combined  with  the  movement  which  results  from  the 
general  system  of  atmospheric  circulation,  causes  a  rapid  dis- 
placement of  the  low  center.  Areas  of  high  pressure  exhibit 
no  such  power.  Their  low  temperature  creates  a  tendency  to 
crowd  toward  a  warmer  region ;  and  this  tendency  is  obscurely 
seen  in  the  high  areas  of  Europe  and  Asia.  It  is  more  dis- 
tinctly seen  in  the  high  areas  of  tne  United  States,  probably  on 
account  of  the  proximity  of  a  much  higher  temperature,  viz: 
the  Gulf  of  Mexico  on  the  south,  and  the  Atlantic  Ocean  with 
the  Gulf  Stream  on  the  east.  Aside  from  this  cause,  the  move- 
ment of  areas  of  high  pressure  seems  to  depend  entirely  upon 
external  forces.  A  neighboring  area  of  low  pressure  may  draw 
off  the  air  from  one  side,  and  thereby  cause  a  displacement  of 
the  center  of  maximum  pressure;  or  the  high  area  may  he 
reenforced  at  the  top  in  such  a  manner  as  to  cause  a  rapid  move- 
ment of  the  center  of  maximum  pressure,  in  a  direction  and 
with  a  velocity  which  are  apparently  subject  to  no  law. 


Art.  XXIX. — 77ie  Faults  of  Southwest  Virginia  ;  by  John  J. 
Stevenson,  Professor  in  University  of  the  City  of  New 
York. 

The  existence  of  great  faults  in  southwest  Virginia  was 
made  known  in  1836  by  Professor  Wm.  B.  Rogers,  three  prin- 
cipal faults  being  shown  on  the  long  cross-section  appended  to 
his  "Reconnaissance."*  The  existence  of  the  Saltville  and 
New  Garden  faults  is  asserted  in  a  paper  on  Thermal  Springs 
by  the  same  author  and  in  a  long  memoir  on  the  structure  of 
the  Appalachian  Chain  by  Professors  W.  B.  and  H.  D.  Rogeraf 
At  a  much  later  date,  Professor  J.  P.  Lesley  ran  several  lines 
across  portions  of  the  faulted  area  on  both  sides  of  New  River 

*  Report  of  the  (Geological  Reconnaissance  of  the  State  of  Virf?inia,  1836. 
f  These  papers  are  contained  in  the  volume  of  the  Transactions  of  the  Associa- 
tiou  of  American  Geologists  and  Naturalists,  1 840-42. 
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and  added  greatly  to  the  knowledge  of  the  general  structure,* 
of  which  he  first  appears  to  have  had  a  clear  conception.  Pro- 
fessor Safiford's  map  of  Tennessee  shows  the  extent  of  the 
faults  in  that  State.  The  writer  has  made  a  reconnaissance  of 
the  faulted  resion  in  Virginia  from  the  Tennessee  line  to  almost 
twenty  miles  beyond  New  Kiver,  a  distance  of  150  miles,  and 
haff  given  the  results  in  several  memoirs  read  before  the  Ameri- 
can Philosophical  Society.f  As  these  last  are  independent, 
information  respecting  the  several  faults  is  broken  in  such  a 
way  that  a  summary  statement  is  necessary  to  render  it  avail- 
able. If  more  of  detail  should  be  needed,  the  reader  is  re- 
ferred to  the  memoirs  cited. 

The  "  Great  Valley  "  follows  the  northerly  or  northwesterlv 
foot  of  the  Blue  Kidge  from  New  England  to  Alabama  and, 
except  where  broken  by  faults,  is  underlaid  by  Lower  Silurian 
and  Cambrian  rocks.  In  New  York,  Pennsylvania  and  Mary- 
land, it  is  bounded  on  the  northerly  side  by  anticlinals  and 
synclinals  carrying?  the  newer  rocks  so  that  within  a  little  dis- 
tance one  is  in  the  Upper  Devonian.  The  conditions  are  simple, 
there  being  no  faults  of  great  longitudinal  extent  cutting  off 
the  valley  on  that  side.  The  only  faults  lie  at  a  considerable 
distance  beyond  the  valley  and,  though  of  much  interest,  are 
utterly  insignificant  in  comparison  with  those  found  farther 
south. 

At  no  great  distance  southward  in  Virginia,  strips  of  Lower 
Silurian  are  shown  beyond  the  line  of  the  "Great  Valley." 
These  are  more  numerous  near  New  River  and  become  wider 
thence  to  the  Tennessee  line ;  while  near  and  beyond  the  same 
river  the  valley  itself  is  broken  by  patches  of  Upper  Silurian, 
Devonian  and  even  Lower  Carboniferous  rocks.  These  ffreat 
changes  are  due  to  faults  as  remarkable  for  their  longitudinal 
as  for  their  vertical  extent. 

The  greatest  width  of  the  faulted  area  in  southwest  Virginia 
ifl  about  forty  miles,  measured  along  a  line  passing  through 
Wythe,  Giles  and  Tazewell  Counties  of  Virginia.  The  faults, 
separated  by  varying  intervals,  show  Knox  limestone  on  the 
southerly  or  upthrow  side,  while  the  beds  on  the  northerly  or 
downthrow  side  may  belong  anywhere  from  Lower  Silurian  to 
Upper  Carboniferous.  Thus  the  region  is  broken  into  a  series 
of  alternating  **  rich  '*  and  "  poor  "  valleys,  underlaid  in  the 
former  by  Lower  Silurian  limestones  and  in  the  latter  by 
Upper  Silurian  and  Devonian  shales.     The  sections  shown  by 

*  Professor  Lesley's  papers  were  read  before  the  American  Philosophical 
Society  on  May  I6tli,  1862,  and  on  April  2 1  si,  1871. 

f  The  dates  of  these  papers  are  August  20th.  1880,  Janiuoy  21st,  1881,  Octo- 
ber 7th,  1881,  Kovember  21st,  1884,  and  one  not  yet  read  before  the  Society. 

Ak.  Jour.  Sol— Thibd  Sbriss,  Vol.  XXXIII,  No.  196.— Apbil,  1887. 
17 
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the  bloeks  held  between  the  faults  vary  much  in  length,  the 
most  extended  beins  that  between  the  Copper  Greek  and  Salt- 
ville  faults,  where  the  column  reaches  from  the  bottom  of  the 
Knox  calcareous  rocks  to  the  top  of  the  Umbral,  possibly  in 
some  places  to  the  Coal  Measures. 

The  blocks  between  the  faults  are  not  always  monoclinals, 
as  might  be  inferred  from  a  hasty  perusal  of  some  papers  pre- 
sented prior  to  those  of  the  writer;  far  from  it.  Where  the 
blocks  are  broad,  seven  or  eight  miles,  groups  of  anticlinals 
occur,  canoe-shaped  and  overlapping,  thus  reproducing  the 
features  ro  characteristic  of  Upper  and  Lower  Silurian  areas  in 
Central  Pennsylvania.  But  these  folds  are  not  parallel  to  the 
faults  and  any  relationship  appearing  to  exist  between  the 
faults  and  sucn  folds  is  evidently  fortuitous. 

Three  faults  entering  Virginia  from  Tennessee,  termed  by 
the  writer,  the  Poor  Valley,  the  Wallen's  Ridge  and  the  Pat- 
tonsville,  and  having  a  vertical  extent  of  2400,  2800  and  500 
feet  respectively,  disappear  within  a  few  miles,  being  simply 
fissures  on  the  southeasterly  side  of  a  bold  anticlinal,  that  of 
Powell-Stone  Mountain,  which  also  disappears  within  a  short 
distance.     The  important,  persistent  faults  are — 

The  Clinch  Group,  the  Copper  Creek,  the  Saltville,  the 
Walker  Mountain  ;  beside  which  are  the  short  faults  of  Draper 
and  Price  Mountains  in  the  valley,  with  the  cross-faults.  Max 
Meadows  and  Pulaski,  extending  from  the  Draper  Mountain 
fault  toward  that  of  Walker  Mountain. 

The  Clinch  Chroup  of  faults  includes  the  Clinch  Uplift  and 
Abb's  Valley  fault  of  Professor  Lesley's  1871  memoir ;  as  the 
writer  ran  some  lines  between  those  of  Professor  Lesley,  he 
has  been  enabled  to  elaborate  the  group  Somewhat  and  to  dis- 
cover a  more  complicated  structure  than  was  at  fir*t  supposed. 
The  group  consists  of — 

a.  The  Hunter  Valley  fault  or  Clinch  Uplift;  h.  The  New 
Garden  fault;  c.  The  Stony  Eidge  fault;  d.  The  Abb's  Valley 
fault. 

The  Clinch  Uplift  enters  Scott  County,  Va.,  from  Tennes- 
see, continues  through  that  county  into  Russell  without  inter- 
ruption ;  but  midway  in  the  latter  county,  after  bending  north- 
ward, it  gives  off  a  cross  fault  and  holds  its  new  course  into 
Buchanan  County  where  it  is  soon  lost.  The  New  Garden 
fault  begins  in  Russell  County  not  far  from  the  line  of  Scott 
and  almost  accurately  in  the  place  where  the  former  fault  ought 
to  have  been  found  had  its  course  been  unchanged;  it  is  joined 
by  the  cross  fault  from  the  Clinch  Uplift  and  it  continues 
through  Russell  and  Tazewell  Counties  of  Virginia  into  Mercer 
County  of  West  Virginia,  where  it  follows  the  northerly  foot 
of  East  River  Mountain  to  certainly  twenty-five  miles  beyond 
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New  River.  The  Stony  Ridge  fault  begins  in  Russell  County 
and  continues  thence  through  Tazewell  into  Mercer  County  of 
West  Virginia.  The  Abb's  Valley  begins  in  Tazewell  County 
and  extends  into  Mercer  County.  These  two  faults  do  not 
appear  to  reach  New  River,  but  of  this  the  writer  may  not 
speak  positively  as  he  has  not  crossed  their  pliace  near  the  river. 
The  intervals  between  these  faults  increases  eastwardly. 

The  Copper  Creek  fault  enters  from  Tennessee,  passes  through 
Scott  County  and  within  a  few  miles  in  Russell  County  disap- 
pears in  the  Elk  Garden  anticlinal,  a  fold  with  double  or  triple 
crest,  which  is  followed  easily  through  Russell  and  Tazewell 
Counties  into  Bland  ;  but  soon  after  entering  the  last  county  a 
double  fault,  the  Winonah,  arises  from  the  anticlinal,  which, 
at  a  few  miles  farther,  gives  off  from  its  northerly  side  a  sec- 
ond, that  of  Buckhorn  Mountain.  These  two  faults  cross  the 
New  River  and  enter  Craig  County,  but  they  evidently  disap- 
pear a  little  way  beyond,  as  they  do  not  appear  there  in 
Rogers's  cross-section.  Where  the  Buckhorn  fault  begins,  the 
interval  to  the  other  isionly  a  few  rods,  but  at  New  River  it  is 
almost  two  miles.  The  Winonah,  like  the  Copper  Creek  fault, 
is  in  Knox,  but  it  holds  a  verticc^l  wall  of  white  Medina  in  the 
crevice.  It  evidently  gives  off  a  similar  branch  beyond  New 
River,  for  there  two  lines  of  white  Medina  appear  in  the  Knox 
limestones. 

The  Sallvitte  fault,  the  North  Hohion  fault  of  Lesley's  1871 
memoir,  is,  so  far  as  the  writer  has  been  able  to  determine,  a 
continuous  fracture  from  Tennessee  to  thirty  miles  beyond 
New  River.  How  much  farther  it  extends,  the  writer  has  not 
yet  ascertained.  It  is  of  especial  interest  in  that  its  course 
exhibits  total  indifference  to  that  of  the  anticlinals  and  to  the 
strike  of  the  rocks.  It  shows  no  material  variation  in  the  ex- 
tent of  its  throw. 

The  fault  of  Walker  Mountain  enters  Washington  County 
from  Tennessee  as  a  throw  in  the  Knox  beds,  but  soon  after 
entering  Smyth  County  the  throw  becomes  stronger  and  before 
entering  Wythe  County,  Umbral  shales  are  shown  on  the  down- 
throw side.  Thence  to  twenty  miles  beyond  New  River  the 
fault  remains  the  same.  How  much  farther  it  extends  was  not 
ascertained,  but  like  the  Saltville  it  gives  promise  of  many 
miles.  One  of  these  two  is,  no  doubt,  the  "great  fault '' so 
often  spoken  of  as  following  the  northerly  or  northwesterly 
side  of  the  valley. 

The  Draper  Mountain  fault  is  a  short  fracture  in  Wythe  and 
Pulaski  Counties,  which  brings  up  the  Potsdam  as  a  rugged 
mountain  in  the  heart  of  the  valley.  Two  cross-faults  pass 
from  it,  the  Max  Meadows  in  a  westward  direction  and  the 
Pulaski  in  a  northwestward    direction,    toward  the  Walker 
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Mountain  fault;  so  that  in  the  very  heart  of  the  "Great  Val- 
ley "  there  is  a  block  of  Upper  Silurian,  Devonian  and  Lower 
Carboniferous  with  Lower  Silurian  on  two  sides,  Cambrian  on 
the  third  and  Lower  Carboniferous  on  the  fourth. 

A  curious  double  fault,  that  of  Price  Mountain  in  Mont- 
gomery County,  brings  up  a  short  anticlinal  ridge  of  Lower 
Carboniferous  midway  in  the  valley.  This  V-shaped  fault  is 
short  and  its  branches  are  separated  by  an  interval  of  not  more 
than  three  miles  and  a  half  at  the  widest  place. 

The  faults  do  not  follow  straight  lines  and  their  courses 
show  much  variation.     The  intervals  show  equal  variation. 

As  has  been  said  already  the  vertical  extent  of  a  fault  is  not 
the  same  along  the  whole  lina  It  was  observed  that  the  faults 
where  followed-  out  proved  to  be  merely  cracked  anticlinals; 
the  most  notable  illustration  being  found  in  the  Copper  Creek 
fault,  which  disappears  in  the  Elk  Garden  anticlinal,  only  to 
reappear  after  a  distance  of  seventy  miles  in  the  Winonah  and 
Buckhorn  faults,  which  in  their  turn  disappear  in  an  anticlinal. 
The  Max  Meadows,  Draper  Mountain,  ^bb's  Valley  faults  and 
the  three  small  faults  of  Lee  and  Scott  Counties  illustrate  the 
matter  almost  equally  well.  Such  being  the  origin  of  the 
fault,  variation  in  the  vertical  extent  must  be  looked  for. 

But  the  strength  of  the  throw  may  be  the  same  for  a  long 
distance  while  the  apparent  strength  may  be  very  diflFerent. 
The  development  of  anticlinals  on  one  side  or  the  other,  anti- 
clinals belonging  to  a  time  prior  to  the  formation  of  the  faults, 
may  cause  the  appearance  of  successive  groups  on  one  side. 
An  admirable  illustration  is  found  in  the  Saltville  fault,  which 
has  Knox  limestone  on  the  upthrow  side  throughout  the  whole 
distance  examined,  while  on  the  downthrow  side  one  finds  the 
whole  series  from  the  Knox  limestone  to  the  Umbral  shales, 
possibly  to  the  Coal-measures.  But  the  extent  of  the  throw  is 
the  same  throughout,  the  variation  being  due  to  the  presence 
of  anticlinals  crossed  by  the  fault 

The  Hunter  Valley  fault  or  Clinch  uplift  illustrates  well  the 
variation  in  strength  of  the  throw.  Where  it  enters  from 
Tennessee  it  shows  Knox  on  the  upthrow  and  Clinton  on  the 
downthrow  side;  but  within  a  few  miles  Hamilton  is  on  the 
downthrow,  while  within  ten  miles  farther,  Lower  Coal-meas- 
ures (Quinnimont)  are  in  the  fault  on  the  downthrow  side. 
The  upthrow  diminishes  in  Bussell  County  beyond  the  origin 
of  the  New  Garden  fault  so  that  Middle  Coal-measures  are  in 
contact  first  with  Devonian  and  then  with  Lower  Coal-measures. 
The  Walker  Mountain  fault  illustrates  the  same  thin^  equally 
well,  for  though  it  enters  as  a  fault  in  the  Knox  the  down- 
throw gradually  increases  until  in  Wythe  County  the  whole 
series  to  the  top  of  the  (Jmbral  is  seen. 
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The  extent  of  the  faults,  both  vertical  and  longitudinal,  is 
as  follows : 

Vertical.  Longitudinal  in  Virginia. 

Poor  Valley 2,400'  to  0'  40  miles. 

Wallen's  Ridge 2,80^'  to  0'  25  " 

Fattens ville 500'  to  0'  20  " 

Clinch  Group — 

a.  Hunter  Valley 8,500'  to  O'  65  +  " 

b.  New  Garden 7,500'  to  0'  1 02  +  " 

c.  Stony  Ridge 2,300' to  0'  50+  " 

d.  Abb's  Valley 1,700' to  0'  40+  " 

Copper  Creek,  etc 3,000'  to  O'  45  '' 

Saltville 10,000' to  500'  130+  " 

Walker  Mountain 10,000'  to  1,000'       130+  '* 

Max  Meadows 0,800'  20  " 

Pulaski  . .  - 9,600'  8  *' 

Draper  Mountain 12,500'  to  0'  20  " 

Price  Mountain 10,000'  10+  " 

The  conditions  in  the  inomediate  vicinity  of  the  apparent 
fault  lines  are  not  easily  ascertained,  for  ordinarily  the  line  of 
contact  and  the  area  to  a  considerable  distance  on  each  side  are 
covered  by  rubbish.  More  than  that:  the  thrust  has  been 
sufficient  to  shove  the  upihrown  beds  to  a  considerable  distance 
over  on  the  downthrown  beds  as  is  shown  by  the  Hunter  Val- 
ley fault  on  Big  Stony  Creek  in  Scott  County,  so  that  the 
{)lace  of  the  fault  is  necessarily  somewhat  obscure.  That  the 
aults  are  practically  cracked  anticlinals,  however,  is  sufficiently 
evident  from  their  origin  and  disappearance;  but  traces  of  the 
anticlinal  structure  are  not  wanting  along  the  faulted  lines. 
Thus  the  great  Clinch  or  Hunter  Valley  fault  shows,  near  the 
Tennessee  line,  Clinton  and  Knox  in  contact  but  each  dipping 
from  the  fault.  A  similar  structure  was  seen  thirty  miles 
farther  eastward,  where  Lower  Carboniferous  and  Devonian 
are  upturned  on  the  northerly  side  of  the  fracture;  while  still 
farther  east  the  Lower  Coal-measures  (Quinnimont)  are  shown 
on  the  northerly  side  dipping  away  from  the  fault  at  sixty  to 
seventy  degrees,  with  the  Knox  beds  on  the  other  side  also 
dipping  away  from  the  fault  but  at  a  less  rate.  But  the  condi- 
tions vary,  and  at  several  localities  along  this  fault  the  dip  on 
the  downthrow  side  is  toward  the  fault,  the  thrust  evidently 
having  been  sufficient  to  carry  the  upthrown  rocks  over  the 
line  lo  a  considerable  distance.  This  is  apparently  the  condi- 
tion along  the  Walker  Mountain  fault  everywhere,  within  the 
area  examined ;  for  the  conformability  is  so  close  that  the 
existence  of  a  fault  would  not  be  suspected  by  one  depending 
onlv  on  the  local  stratigraphy. 

Kocks  in  the  immediate  vicinity  of  the  apparent  fault  line — 
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where  the  upthrown  and  downthrown  rocks  are  in  contact — 
frequently  show  no  signs  of  disturbance  other  than  abrupt  dip  ; 
but  the  proof  of  disturbance  is  much  more  distinct  on  the  up- 
throw side  at  a  distance  of  somewhat  more  than  half  a  mile 
and  beyond;  while  even  on  the  downthrow  side  the  dip  may 
be  greater  at  some  distance  than  it  is  at  the  fault  line  itself. 
Where  New  River  crosses  the  Walker  Mountain  fault,  the  dip 
on  the  downthrow  is  fourteen  or  fifteen  degrees,  but  at  barely 
half  a  mile  farther  down  the  stream,  the  dip  is  fifty-five  de- 
grees ;  yet  within  fifteen  miles  toward  the  east,  the  conditions 
are  altogether  reversed,  the  shales  dipping  very  abruptly  near 
the  fault,  while,  at  about  one-fourth  of  a  mile  away,  the  sand- 
stones are  dipping  at  but  twenty-five  degrees. 

But  on  the  upthrow  side  the  disturbance  in  any  case  is  not 
confined  to  mere  variations  in  rate  of  dip;  the  crushing  is 
proved  by  numerous  narrow,  crowded,  abrupt  folds,  beginning 
at  half  a  mile  or  so  from  the  fault  and  continuing  for  even  a 
mile  or  more.  These  are  especially  noteworthy  near  the  faults 
of  the  Clinch  Group,  but  they  are  shown  in  some  places  near 
the  Walker  Mountain  fault.  The  crushing  at  several  localities 
near  Clinch  River  is  excessive  and  at  one  locality  the  shales 
are  folded  as  closely  as  micaceous  shales  on  Manhattan  island, 
but  they  show  no  evidence  of  metamorphism. 

That  the  faults  are  closely  related  in  several  instances  to 
anticlinals  has  been  stated  already  more  than  once;  but  a  sys- 
tem of  folds  still  remains,  though  in  fragments,  with  which  the 
faults  have  but  a  fortuitous  connection.  The  conditions  can- 
not be  exhibited  here  without  the  aid  of  somewhat  complicated 
diagrams;  but  the  colored  maps  accompanying  the  writer's 
memoirs  already  cited  make  the  matter  sufficiently  clear. 

The  Saltville  fault,  best  of  all  in  Virginia,  shows  the  condi- 
tions, for  it  cuts  off  several  folds  existing  in  the  interval  be- 
tween it  and  the  Copper  Creek  fault  at  the  north,  a  space  ten  to 
twelve  miles  wide.  The  first  fold  at  the  west,  the  "Great 
Garden  "  axis  of  W.  B.  Rogers,  is  an  inverted  canoe,  about 
eighty  miles  long  and  attaining  its  maximum  in  Burk's  Gtirden 
of  Tazewell  County.  As  the  fault  does  not  follow  the  strike 
but  simply  cuts  along  the  side  of  the  canoe,  it  is  clear  enough 
that  the  section  on  the  northerly  or  downthrow  side  must  show 
noteworthy  variations  as  the  line  approaches  or  leaves  the 
higher,  wider  portion  of  the  canoe,  while  no  change  is  shown 
on  the  opposite  or  upthrqw  side.  And  this  is  the  condition  ; 
for  while  tlie  Knox  limestone  is  on  the  upthrow  side  through- 
out, changes  enough  appear  on  the  other  side.  Thus  in 
Washington  County  opposite  Mendota,  ti)e  width  of  Lower 
Carboniferous  is  nearly  four  miles,  in  which  a  magnificent  sec- 
tion of  Umbral  and  Vespertine  is  shown.     But  at  the  edge  of 
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Bland  and  Smyth  Counties,  where  the  Garden  fold  is  greatest, 
the  strip  of  liower  Carboniferous  is  barely  half  a  mile  wide 
and  the  presence  of  both  divisions  is  due  only  to  a  remarkable 
decrease  in  thickness  of  the  Umbral.  As  the  anticlinal  dimin- 
ishes, the  width  of  Lower  Carboniferous  increases;  but  the 
higher  rocks  are  not  reached,  for  within  fifteen  miles  in  Bland 
County,  the  fault  cuts  off  the  Kimberling  anticlinal  near  its 
origin. 

This  fold  rapidly  increases  in  height  and  under  its  influence 
Lower  Carboniferous  rocks  soon  disappear  from  the  downthrow 
side  and  the  Knox  is  in  contact  with  Lower  Devonian  near  the 
line  between  Bland  and  Giles  Counties.  A  third  anticlinal, 
the  Sinking  Creek,  is  cut  by  the  fault  a  little  farther  on ; 
and  as  it  increases  in  height,  the  Knox  is  brought  into  contact 
with  the  successive  groups  of  the  Upper  Silurian,  with  the 
Hudson,  the  Trenton,  and  finally  with  the  upper  Knox  before 
New  Biver  has  been  reached ;  while  beyond  that  river,  the 
diminution  of  the  fold  permits  the  presence  of  Trenton,  Hud- 
son, and,  before  the  eastern  limit  of  Giles  County  has  been 
reached,  of  Medina  on  the  northerly  side  of  the  fault 

The  axes  of  these  anticlinals  are  approximately  parallel  and 
make  a  considerable  angle  with  the  fault. 

A  similar  condition  exists  in  the  curious  block  within  the 
Great  Valley  enclosed  by  the  Walker  Mountain,  Draper 
Mountain,  Max  Meadows  and  Puflaski  faults.  The  Walker 
Mountain  fault  cuts  off,  in  succession,  Lower  Silurian,  Upper 
Silurian  and  Devonian  on  the  upthrow  side,  while  on  the 
downthrow  side  Umbral  shales  are  shown  continuously. 
Within  the  block  is  an  anticlinal  which  apparently  is  in  no 
way  connected  with  any  of  the  folds  observed  in  the  Knox 
beds  outside  of  the  block. 

The  Great  Cove  fault  of  Fulton  County,  Pennsylvania,  as 
described  by  the  writer*  shows,  as  far  as  it  goes,  equally  well 
with  the  Saltville,  this  indifference  to  the  course  of  the  pre- 
existing folds.  The  Cove  anticlinal,  like  the  Garden  axis,  is 
an  inverted  canoe  with  its  eroded  cove  surrounded  by  a  wall  of 
Medina.  The  fault,  which  holds  a  jagged  wall  of  Medina  in 
the  crevice,  makes  but  a  small  angle  with  the  axis  of  the  anti- 

*  Second  Qeol.  Sury.  of  Penn.  Rep.  on  Bedford  and  Fulton  Counties,  p.  66. 
This  reference  affords  an  opportunity  of  satisfying  the  **  long-felt  want "  of  some 
acquaintances,  who  are  at  a  loss  to  reconcile  my  maps  of  these  counties  as 
appended  to  the  report  with  the  maps  of  the  same  counties  as  given  m  the  G^eo- 
logical  Atlas  of  Penusylvania.  The  maps  cannot  be  reconciled.  Those  appended 
to  the  geological  report  on  the  counties  are  by  the  writer,  except  in  so  far  as  they  refer 
to  the  Broad  Top  region,  and,  except  in  so  far  as  they  refer  to  that  region,  they  are 
fairly  good.  The  maps  in  the  Geological  Atlas,  though  credited  to  me,  were  not 
made  by  me  in  any  sense  whatever;  they  were  print^  three  years  or  more  be- 
fore I  even  thought  of  doing  any  work  in  Bedford  and  Fulton  Counties. 
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clinal,  but  sufficient  for  curious  variations,  as  may  be  seen  by 
consulting  the  writer^s  map  of  Fulton  County. 

The  fac^  that  have  been  given  lead  the  writer  to  the  conclu- 
sion that  the  faults  are  of  later  date  than  the  system  of  folds 
and  that  they  may  have  been  produced  at  a  time  possibly  as 
late  as  the  era  of  Mesozoic  disturbance  marked  by  dikes 
throughout  the  Triassic  area  of  the  Atlantic  border. 


Art.  XXX. — On  Taconic  Bocks  and  Stratigraphy^  with  a  Oeo- 
logical  Map  of  the  Taconic  Begions  ;  by  James  D.  Dana. 

[Continued  from  yoI.  xzix,  p.  443,  March,  1885.] 

Part  II. — ^The  Middle  and  Northern  Part. 

This  part  of  my  memoir,  with  the  map  illustrating  it,  covers 
the  region  from  the  southern  boundary  of  Great  Harrington  to 
the  northern  limit  of  Berkshire,  together  with  the  towns  of 
Pownal  and  Bennington  in  southern  Vermont,  and  the  eastern 
border  of  New  York  for  a  breadth  of  about  three  miles.  The 
map,  as  with  the  former  part,  has  only  the  limestone  areas 
colored.  Over  the  rest  the  kinds  of  rocks  are  indicated  by 
letters.     The  scale  of  the  map  is  half  an  inch  to  the  mile.* 

The  following  are  the  subdivisions  adopted  beyond  in  the  dis- 
cussion of  the  subject. 

I.  General  facts  relating  to  the  geographical  distribution  of  the 
limestone  and  other  rocks. 

II.  The  limestone  and  the  overlying  Taconic  strata. 
m.  The  underlying  quartzyte  formation. 

IV.  General  conclusions. 

1.   Oeneral  facts  relating  to  the  geographical  distribution  ofthelime' 
stone  and  other  rocks. 

1.  Williamstown  the  birthplace  of  the  Taconic  system. — The 
map  accompanying  this  paper  contains,  in  its  northwestern  part, 
the  town  of  Williamstown ;  and  there  in  connection  with  Wil- 
liams College  were  Prof.  Amos  Eaton  in  1817  (for  a  single  sea- 
son), Prof.  Chester  Dewey  from  1817  to  1827,  and  Prof.  Ebenezer 
Emmons  in  1833  and  for  many  years  afterward.  There  Dewey 
investigated  and  was  the  first  to  investigate  the  Taconic  rocks, 
the  first  to  give  the  term  "  Taconic,"  as  applied  to  the  ridges, 
its  present  form  (in  1819);  the  first  to  publish  a  geological 
map  of  the  region.f     As  the  history  at  this  point  has  been  writ- 

*  The  map  will  be  iDsertod  in  the  following  number. 

f  For  his  papers  see  this  Journal,  vols,  i  (1819),  ii,  (1820),  viii  (1824);  the  last 
contains  his  geological  map  of  western  Berkshire. 
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ten  incorrectly,  I  add  here  that  Eaton  gives  credit  for  what  he' 
knows  of  the  region  to  Dewey.* 

But  Prot  Dewey*s  work  was  only  a  beginning.  Prof, 
Emmons  took  np  the  investigation  thus  initiated  and  made 
thorough  work  of  it ;  and  finally,  adding  to  his  study  of  the 
Williamstown  region  that  of  western  Berkshire  and  Eastern 
New  York,  gathered  the  facts  upon  which  he  based  the  Taconic 
system,  and  his  opinions  as  to  the  contrast  between  them  and  the 
oldest  Paleozoic  strata  of  central  and  northern  New  York. 

2.  General  features. — The  general  trend  of  the  chief  Taconic 
Bange  and  of  the  Taconic  belt  of  rocks  is  very  nearly  that  of  the 
western  New  England  boundary — or  about  N.  15°  E.  along  the 
limit  of  Massachusetts,  and  about  N.  5°  E.  along  that  of  Ver- 
mont. 

The  topography  of  the  part  under  consideration  is  similar  to 
that  of  the  more  southern  section  alreadv  described.  The  lime- 
stone is  intersected  from  north  to  south  by  ridges  of  schist  and 
the  other  overlying  rocks,  and  the  most  of  these  schist  ridges 
stand  isolated  within  the  limestone  area,  or  run  out  into  the 
area  from  the  larger  ridges  like  peninsulas.  Few  limestone 
areas  on  the  map  are  wholly  enclosed  by  the  schist,  and  thus 
detached  from  the  main  mass. 

8.  The  old  svbdivision  of  the  Taconic  limestone  into  an  eastern  and 
western  belt  not  valid, — The  distinction  of  two  ranges  or  belts  of 
limestone,  an  eastern,  east  of  the  main  Taconic  Range,  and  a 
western,  west  of  it,  was  first  recognized  by  Dewey,  who  named 
them,  in  the  language  of  the  day,  the  Primitive  and  the  Transi- 
tiofiy  the  latter  name  being  given  to  the  western,  because  the 
rock  was  but  feebly  crystalline.  The  subdivision,  as  has  been 
before  explained,  is  a  fundamental  feature  of  the  "  Taconic  sys- 
tem." The  former  of  the  two  limestones  is  distinguished  by 
Emmons  as  the  Stockbridge  limestone — a  name  adopted  by 
Prol  Edward  Hitchcock  for  the  Berkshire  limestone,  while  for 
the  Eastern  Vermont  belt  he  used  the  termEoIian  limestone. 

a.  The  eastern  or  Stockbridge  limestone  belt  is  continuous 
from  near  Towner's  (on  the  Harlem  R  R,  45  miles  from  New 
York  city),  and  also  by  a  more  eastern  branch,  from  New  Fair- 
field, Connecticut,  nearly  in  the  latitude  of  Towner's,  to  Clarks- 
burg, on  the  northern  border  of  Berkshire,  a  distance  of  about 
95  miles.  In  North  Adams,  the  town  next  south  of  Clarks- 
burg, the  belt  approaches  on  its  west  aide  the  Williamstown 
limestone  within  less  than  a  mile,  but  nowhere  has  a  direct  con- 
nection with  it  at  surface.  From  Williamstown  the  limestone 
enters  Vermont  and  (as  the  Vermont  geological  map  indicates), 

*  Index  to  the  Geology  of  the  United  States,  1820,  in  which  he  acknowledges 
the  ''  assistance,  for  two  or  three  years,  of  that  able  and  accurate  naturalist,  Prof. 
Dewey,  of  Williams  College." 
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stretches  on  uninterrupredly  to  Weybridge,  beyond  Middle- 
bury,  making  within  the  limits  of  Vermont,  another  96  miles. 

The  western  limestone,  or  that  west  of  the  main  Taconic 
Kange,  is,  in  the  first  place,  not  a  continuous  belt;  and,  sec- 
ondly, two  of  its  long  pieces  west  of  Massachusetts  are  nothing 
but  branches  from  the  eastern  limestone,  being  directly  con- 
tinuous with  it,  instead  of  distinct  lines.  It  includes  in  the 
region  here  considered,  three  parts,  a  northern,  h  middle  and  a 
southern,  .ill  in  eastern  New  York.  The  northern  is  confined 
to  the  towns  of  Hoosic  and  Petersburgh.  The  middle  com- 
mences five  miles  south  of  the  northern,  in  northern  Berlin,  and 
extends  about  25  miles  through  Stephentown  and  New  Leba- 
non to  the  southern  part  of  the  town  of  Canaan,  N.  Y.  The 
southern  has  its  north  end  in  BUlIsdale,  N.  Y.,  8  to  9  miles  south 
of  Canaan  ;  and  thence  it  continues  southward  through  Copake 
into  Ancram  (11  to  12  miles),  where  it  divides  into  two 
branches,,  each  of  which,  except  for  a  break  of  4  to  6  miles, 
extends  southwestward  to  the  Hudson,  reaching  it  near  Pough- 
keepsie  and  Fishkill — a  distance  in  all  of  50  to  60  mile.-*.  Thus 
there  is  no  one  independent  western  belt 

The  two  pieces  tnat  are  only  branches  from  the  great  Ver- 
mont eastern  limestone  are  (1)  the  northern  and  (2)  the  middle; 
and  (3)  the  southern  makes  a  very  near  approach  to  a  junction 
with  the  Massachusetts  eastern  limestone. 

In  further  explanation  I  state  that  the  northern  area,  or  that 
of  Petersburg  and  Hoosic,  passes  bodily  from  Hoosic  into 
northern  Bennington  where  it  joins  the  Vermont  eastern  belt, 
or  becomes  identified  with  it  This  same  northern  portion 
nearly  makes  another  junction  with  the  eastern  belt,  along  the 
Hoosic  valley  in  northern  Pownal;  but  about  two-thirds  of  a 
mile  of  slate  intervene. 

The  middle  one  of  the  western  areas,  or  that  which  extends 
from  Berlin  southward  to  Canaan,  stretches  northeastward 
from  Stephentown  through  Hancock,  Mass.,  to  Williamstown  ; 
or,  viewed  from  the  other  direction,  the  Williamstown  lime- 
stone, which  is  a  southern  part  of  the  Vermont  eastern  (or 
Eolian)  limestone,  continues  on  southwestward  (as  Hitchcock 
first  showed)  through  Hancock  to  Stephentown  and  Canaan ; 
so  that  this  western  limestone  is  the  southern  termination  of 
the  eastern.  The  distance  from  northern  Williamstown  to  its 
extremity  in  Canaan  is  about  35  miles,  and  hence  the  Ver- 
mont eastern  belt,  or  Eolian,  with  this  its  continuation,  is  130 
miles  long. 

The  approach  to  a  junction  between  the  middle  western  and 
the  Massachusetts  eastern  limestone  takes  place  at  the  southern 
end  in  Canaan,  where  a  long  tongue  runs  ont  eastward  in  the 
open  valley  which  there  crosses  the  Taconic  Range  and  makes 
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a  nearly  level  pathway  throagh  the  mountains  for  the  Boston 
and  Albany  railroad.  The  tongue-shaped  prolongation  of  the 
limestone  area  extends  eastward  through  the  range,  but  half  a 
mile  of  schist  intervenes  between  it  and  the  limestone  area  of 
West  Stockbridge  and  Richmond. 

The  southern  of  the  western  areas  is  the  only  one  that  makes 
no  complete  junction  with  the  eastern  belt;  but  it  approaches 
it,  as  explained  in  the  former  part  of  this  paper,  at  the  low  and 
broad  gap  in  the  Taconic  range,  between  Salisbury,  Ct.,  and 
Millerton,  N.  Y. 

The  deep  gaps  or  open  valleys  that  cross  the  range  are  deep 
openings  tnrough  the  Taconic  schists,  and  hence  the  outcrop  of 
the  limestone  through,  or  nearly  through,  the  gaps. 

These  facts  tonch  a  fundamental  point  in  the  Taconic  sys- 
tem, for  they  show  that  the  diflference  in  grade  of  the  meta- 
morphism  between  the  limestone  areas  of  the  eastern  and 
western  sides  of  the  Taconic  range — a  point  of  difference  dwelt 
upon  by  Emmons — has  no  stratigraphical  importance.  The 
rocks  are  one  in  mass  beyond  possible  question.  We  thus 
take  one  member  out  of  the  Taconic  system  by  showing  its 
continuity  with  one  of  the  others.  We  find,  in  other  words, 
that  the  great  limestone  of  the  Taconic  series  is  stratigraphically 
one  single  formation.  This  statement  does  not  imply  that  the 
limestone  is  all  of  one  period ;  but  that  it  is  one  in  mass  and 
general  conformability. 

This  conclusion  is  lortified  by  the  proof  already  presented  of 
a  synclinal  struoiure  in  Mt.  Washington,  that  is,  or  the  passing 
of  the  limestone  from  east  to  west  underneath  the  mountain  ; 
and  also  by  that  of  another  synclinal,  as  long  since  pointed  out 
by  Emmons,  and  also  afterward  by  Hitchcock,  in  the  Grey- 
lock  mass,  by  which  the  Williamstown  and  Adams  limestones 
— the  Eolian  and  Stockbridge— join  one  another.  Additional 
evidence  on  the  latter  and  related  points  will  be  found  beyond. 

4.  Irregularities  in  the  courses  of  the  belts  of  the  Taconic  series 
that  appear  to  he^  in  part  at  leasts  due  to  earlier  topographical  con- 
ditions. — Two  abrupt  easi-and- west  shifts  in  the  course  of  the 
Taconic  belt  are  inaicuted  on  the  map. 

a.  The  most  extensive  of  these  abrupt  changes  of  line  is  in 
the  northern  part  of  Berkshire.  Here  the  eastern  or  Stock- 
bridge  limestone,  as  above  stated,  stops  off  abruptly  in  the  town 
•of  Clarksburgh,  and  begins  again  to  the  westward  in  Williams- 
town.  This  change  in  geographical  position  amounts  to  four 
or  four  and  a  half  miles,  measuring  from  the  eastern  limits  of 
the  two  limestone  areasi 

The  quartzyte  is  shifted  to  the  same  extent.  To  the  south, 
through  Cheshire,  East  Lenox  and  beyond,  the  line  of 
quartzyte  outcrops  is  in  general  four  to  five  miles  east  of  the 
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line  of  the  quartzyte  range  of  Bald  Mountain  on  the  boundary 
between  (Clarksburg  and  "Williamstown ;  and  its  continuatioa 
northward.  The  shift  is  also  exhibited  in  the  Archaean  rocks. 
For  directly  north  of  the  Stockbridge  limestone  of  Clarksburg 
there  is  an  undoubted  Archaean  area — that  of  the  "Stamford 
granite" — of  the  Vermont  survey,*  and  this  Archaean  area 
stands  against  the  eastern  side  of  the  quartzyte  range  of  Bald 
Mountain.  So  again  to  the  south,  in  Berkshire,  the  quartzyte 
has  in  several  places  similar  hornblendic  Archaean  rocks  not  far 
east  of  the  outcrop  of  quartzyte.  Thus  the  shift  is  marked  in 
the  three  great  formations  of  the  country. 

6.  Another  westward  shift,  or  apparent  shift,  occurs  in  South- 
ern Vermont,  in  the  latitude  of  Bennington,  and  is  about  a  mile 
in  extent.  The  limestone  limit  on  the  east  of  the  village  of 
Bennington  with  the  quartzyte  range  west  of  it  shows,  on  the 
map,  the  abrupt  shift  very  strikingly  ;  and  it  is  seen  also  in  the 
limestone  limit  west  of  the  village. 

Such  apparent  shifts  may  correspond  to  actual  westward  or 
eastward  displacements  produced  since  the  time  when  the 
deposits  were  formed ;  or  they  may  indicate  the  course  of  the 
shore-lines  of  the  ancient  sea  in  which  the  deposits  accumu- 
lated. Which  is  the  right  explanation  is  an  important  ques- 
tion. 

c.  In  central  Berkshire,  within  the  limestone  limits,  south  of 
the  line  of  Lee  and  Stockbridge,  a  j'egion  of  high  hills  and 
ridges  comprising  Bear  Mountain,  covers  the  northern  part  of 
the  town  of  Monterey  and  small  parts  of  adjoining  towns.  It  has 
an  eastandwest  course,  cuts  short  the  limestone  area,  gives  an 
east-and-west  course  to  the  Housatonic  Eiver  (and  to  roads 
and  railways),  and  to  the  limestone  area  of  southern  Monterey, 
(see  map),  and  thus  disturbs  or  goes  athwart  the  feature-lines 
and  Taconic  trends  of  the  valley.  But  the  eastern  limit  of 
the  limestone  has  no  abrupt  shift  in  its  course.  The  summit 
of  this  Bear  Mountain  region  is  probably  Archaean.  The  dis- 
turbance in  the  direction  of  the  feature  lines,  which  is  appar- 
ently due  to  this  area,  extends  also  to  ridges  west  and  south- 
west, as  that  of  Monument  Mountain,  and  those  between 
Monterey  and  Great  Barrington,  whjch  have  a  northwest  trend 
instead  of  the  usual  north-by-east. 

The  question  as  to  the  origin  of  these  changes  in  the  courses 
of  the  rocks,  or  those  of  their  outcrops,  requires,  for  a  safe 
reply,  a  consideration  of  the  facts  over  a  wider  range  of  the 
formation  ;  and  I  recall  here  some  of  the  features  in  Salisbury, 
Ct.,  and  farther  south. 

d.  In    Canaan   and  Salisbury   the   eastern   or  Stockbridge 

*  See  dertcription  of  Section  I,  vol.  ii,  p.  601,  by  C.  H.  Hitchcock.  The  granite 
is  hornblendic,  and  I  found  it  to  contain  zircons. 
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limestone  belt,  which  has  there  a  width  of  Si  miles,  comes,  on 
the  south,  bluntly  against  the  high  range  of  hills  of  Sharon, 
Cornwall  and  Kent,  and  sends  off  a  southward  branch  either 
side;  this  obstruction  is  the  occasion  of  the  subdivision  of  the 
limestone  into  two  branches,  mentioned  on  page  271,  one  in 
eastern  New  York  to  Towner's,  the  other  in  Connecticut  to 
New  Fairfield.  Now,  this  range  of  hills  has  much  quartzyte 
in  some  parts  over  the  northern  end,  and  also,  beyond  the 
quartzyte,  gneisses  and  other  rocks,  part  of  which  at  least 
(as  chondroditic  limestones,  and  other  characteristics  show)  are 
ArchsBan.  Archaean  hills  which  antedate  in  uplift  and  erosion 
the  limestone  seem  to  have  determined  in  this  case  the  shore 
lines  of  the  early  Paleozoic  seas,  and  the  area  of  limestone- 
making  in  the  waters.  At  the  southern  end  of  this  Archaean 
range  (Percivars  Kl)  the  two  branches  of  limestone,  as  Perci- 
val  first  pointed  out,  make  a  junction  across  from  Dover  to 
South  Kent,  which  is  about  half  the  way  lo  Towner's  and  New 
Fairfield ;  thus  binding  in  one  mass  the  chief  range  of  Canaan- 
Salisbury  limestone  that  goes  to. Towner's  with  tne  more  east- 
ern part  that  goes  to  New  Fairfield,  although  the  latter  has  its 
course  among  mica  schists  and  gneisses. 

e.  Another  region  of  abrupt  change  in  the  Taconic  outlines 
is  that  of  Pittafield,  at  the  summit  level  of  the  great  valley  of 
Berkshire.  The  height  of  the  wide  plain  is  about  1,000  feet 
above  tide  level  It  is  the  place  of  union  of  the  headwaters  of 
the  Housatonic  Biver.  The  longest  of  the  tributaries,  which 
carries  the  name  of  the  river,  comes  in  from  the  eastward  along 
the  valley  which  is  made  use  of  by  the  Boston  &  Albany  rail- 
road. For  this  and  other  unexplained  reasons,  the  Pittsfield 
plain  spreads  eastward  of  the  usual  limestone-limit  (as  the  map 
shows)  by  more  than  a  mile ;  and  it  is  equally  remarkable  that 
while,  both  to  the  north  and  south  of  Pittsfield  throughout 
Berkshire,  the  limestone  area  is  intersected  from  north  to  south 
by  two  or  more  ridges  of  schists,  the  Pittsfield  region,  for  a 
breadth  from  north  to  south  of  four  miles,  is  all  limestone,  from 
the  Taconic  range  on  the  west  to  the  eastern  limit  in  Dal  ton. 
Further,  this  eastward  extension  of  the  Pittsfield  part  of  the 
limestone  area  is  accompanied  by  a  long  eastward  extension 
also  of  the  quartzyte  formation  adjoining  it ;  this  formation 
occurring  to  the  southward  of  the  extension  over  a  large  part  of 
northern  Washington,  to  and  beyond  Ashley  Lake,  and  from 
there  returning  westward  to  Dewey's  Station  ;  and  less  widely 
to  the  northeast  of  the  Pittsfield  plain.  Moreover,  within  two 
or  three  miles  east  of  the  quartzyte  formation  occur  zircon- 
bearing  hornblendic  rocks,  and  in  one  region  (in  Hinsdale) 
chondroditic  limestone,  giving  definiteness  to  the  indications  of 
Archaean  age. 
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We  thus  have  evidence  of  an  old  Archaean  ^talley  opening 
from  a  higher  region  to  the  eastward  into  what  is  now  the  Pitts- 
field  part  of  the  Honsatonic  Valley.  Besides  the  chondroditic 
limestone,  in  the  village  of  Hinsdale,  along  a  wider  part  of  the 
valley,  southwest  of  Hinsdale,  west  of  the  railroad,  I  found  a 
large  mass  of  the  same  limestone,  which  I  think  is  in  place;  so 
that  it  is  probable  that  limestone  of  Archaean  age  first  deter- 
mined the  formation'  of  that  part  of  the  upper  Housatonic 
valley  leading  into  Piltsfield. 

/  The  wide  Tyringham  Valley,  which  extends  southeast  from 
South  Lee  for  five  or  six  miles,  and  is  the  course  of  a  broad  arm 
of  the  Stockbridge  limestone,  is  another  case  in  which  the  lime- 
stone spreads  eastward  beyond  its  udual  limit,  although  not  by 
an  abrupt  shift  The  valley  is  not  narrow,  like  those  shapea 
by  modem  erosion,  although  owing  much  to  this  cause  for  its 
present  condition.  Moreover,  W  has  the  quartzyte  formation 
on  much  of  its  eastern  side,  and,  beyond  this,  Archaean  gneisses 
and  hornblende  and  augitic  rocks,  with  some  localities  of  chon-, 
droditic  limestone.  The  South  Lee  valley,  coming  down  from 
Becket  to  the  eastward,  has  similar  features  for  a  mile  and  a 
half.  On  the  high  hill  in  South  Lee  between  the  entrances  to 
the  two  valleys,  the  Tyrirtgham  and  South  Lee,  there  is  a  large 
area  of  hornblendic  rocks  of  Archaean  age,  where  the  associated 
limestone  afibrded  me  chondrodite  in  masses  as  large  as  the 
fist,  recalling  similar  localities  in  Sussex  County,  N.  J.,  and 
Orange  County,  N.  Y.;  and  the  same  rocks  occur  on  the 
opposite  side  of  the  South  Lee  Valley  to  the  northeastward. 
Archaean  limestone  occurs  also  in  the  bottom  of  the  South  Lee 
valley  itself,  about  a  mile  from  the  village. 

These  facts  are  here  introduced  as  other  illustrations  of  the 
influence  on  the  outlines  of  the  Stockbridge  limestone  areas 
exerted  by  preexisting  Archaean  channels  or  bays.  They  fur- 
ther prove  that  the  great  quartzyte  formation,  which  makes 
the  foundation  of  the  Paleozoic  of  the  region,  derived  its  mate- 
rial from  Archaean  formations  of  the  vicinity  not  from  the 
fabled  Atlantis,  which  some  geologists  have  looked  to  for  aid 
in  the  making  of  American  stratified  rocks. 

[To  be  contiDuedJ 


Art.  XXXL—/mA  Esker  Drift;  by  G.  H.  KiNAHAN,  M.B.LA. 

Unfortunately,  as  I  have  already  pointed  out  in  this 
Journal,  American  observers,  like  the  early  recorders  of  the 
Scotch  and  the  Scandinavian  later  drifts,  have  ** got  mixed;" 
they  confounding  together  true  "Esker  drift"  and  ridges  of 
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"  Esker-like  drift."  This  appears  to  be  the  case  in  reference  to 
Prof.  Oarvill  Lewis's  statement  in  the  December  number  of  this 
Journal,  where  he  says  that  the  "  Irish  Eskers "  appear  to  be 
adjuncts  of  the  melting  of  the  ice  sheets.  A  protracted  and 
careful  examination  into  the  subject  seems  however  to  demon- 
strate that  this  could  not  be  the  case. 

On  the  examination  of  the  adjuncts  of  the  present  "  live  ice  " 
or  a  snow  field,  it  will  be  found  that  the  drifts  due  to  the  ice  or 
the  melting  of  the  snow  fields,  have  more  or  less  an  argillaceous 
character,  they  rarely  except  in  spots,  being  clean  sands  or 
gravel.  Of  course  rivers,  having  their  origin  in  glaciers  or  an 
ice  field,  after  some  time  may  wash  these  gravels  comparatively 
clean,  but  this  occurs  nearly  invariably  at  some  distance  from 
the  edge  of  what  may  be  defined  as  the  margin  of  the  present 
moraine  or  glacial  drift.  Recent  washirig,  that  is  the  wash- 
ing due  to  river  action  since  the  "  great  glacial  period,'*  cannot 
be  taken  into  account. 

In  connection  with  the  marine  gravels  of  the  present  day,  we 
find  that  in  the  open  sea-currents,  all  the  detritus  is  well  washed 
and  sifted.  Where  the  sea-currents  are  strong  there  is.  coarse 
sand  or  fine  gravels ;  this  is  generally  outside  the  banks  ;  and 
in  other  places  there  is  finer,  but  still  well  washed  sand  ;  while 
rarely  in  eddies  or  **  heads  of  currents,"  silt  accumulates  in 
small  quantities.  In  bays  or  estuaries,  the  sand  and  gravel 
accumulations  are  not  as  well  washed  and  cleaned  ;  while  still 
higher  up  in  such  situations,  that  is  near  the  head  of  the  bay, 
the  accumulations  due  to  marine  action  graduate  in  character 
into  those  of  this  drift  from  the  destruction  of  which,  they 
have  been  supplied.  The  true  Irish  eskers  —  that  is  the 
eskers  of  the  plain  and  its  associated  valleys — have  no  charac- 
ters in  common  with  those  of  the  ridges  of  drift  due  to  the 
melting  of  ice  or  snow  fields ;  and  the  latter  are  the  ridges  now 
erroneously  classed  with  the  Irish  eskers.  On  the  other  hand, 
all  the  characters  of  the  true  drift  are  similar  to  those  of  the 
washed  marine  drifts;  they  in  some  places  being  well  washed 
fine  gravel,  in  others,  sand ;  in  eddies  on  "heads  of  current" 
silt ;  and  in  such  places  as  must  have  been  bays  and  estuaries 
they  graduate  into  half  washed  accumulations. 

Besides,  what  seems  to  have  altogether  escaped  Prof.  Lewis's 
attention  is  the  margin  of  what  I  have  called  the  "  Esker  sea." 
This  everywhere  throughout  Ireland  can  be  traced,  as  below  it 
the  Esker  drift  occurs  and  never  above  it.  This  margin  varies 
in  altitude,  but  in  general  not  more  so  than  the  present  spring 
tide  line  round  the  coasts,  as  I  have  already  pointed  out  in 
papers  read  before  the  different  Irish  and  English  scientific 
societies.  The  tide  line  at  the  present  time  is  higher  on  the 
east  coast  of  Ireland  than  on  the  west ;  and  at  the  heads  of  the 
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diflferent  long  bays  than  at  their  mouths;  so  with  the  margin  of 
the  Esker  sea,  it  rises  as  it  is  followed  up  the  valleys.  In  some 
exceptional  cases,  as  in  the  County  Wicklow,  the  marginal 
beach  of  the  Esker  sea  is  at  an  excessive  height.  But  these 
excessive  heij?hts  are  south  of  a  regular  line,  they  gradually  ris- 
ing from  the  west,  eastward ;  while  south  of  that  line  they  do 
not  rise.  Therefore  it  seems  evident  that  the  line  is  a  fault 
north  of  which  the  land  to  the  eastward  rose  considerably  more 
than  to  the  westward,  subsequent  to  the  accumulating  of  the 
Esker  drift.  The  details  of  this  phenomenon  are  fully  given  in 
the  Geology  of  Ireland  and  need  not  be  here  repeated. 

The  regular  relative  heights  at  which  the  true  Esker  drift 
terminates  seem  to  me  to  be  positive  proof  that  it  must  be  an 
adjunct  of  a  widespread  action  like  that  of  a  sea  which  had  com- 
parative level  margins,  and  not  to  an  erratic  water  supply  like 
that  due  to  .the  melting  of  an  ice  sheet  or  snow  field,  either  of 
which  is  necessarily  "martyr  to  circumstances,"  sometimes  low, 
at  others  high.  I  would  suggest  that  before  positive  statements 
are  made  in  connection  with  the  true  Irish  eskers — that  it 
should  first  be  learned  what  is  a  true  esker. 


Art.    XXXII. — Physical   Characiertsties   of.  the  Northern  and 
Northwestern  Lakes;  by  L.  Y.  ScHERMEBHORN,  C.E. 

In  the  following  memoranda  an  attempt  has  been  made  to 
assemble  a  part  of  the  latest  and  most  reliable  information  re- 
lating to  the  Great  Lakes.  The  lately  completed  lake  surveys, 
made  by  the  United  States,  have  reduced  to  exactness  much 
that  previously  was  only  approximate  and  the  perfection 
of  methods  used  give  a  perfection  to  the  results  which  seldom 
obtains  in  surveys  covering  so  great  geographical  extent  and 
involving  so  many  details. 

The  water  surface  of  the  Great  Lakes  with  the  land  draining 
into  it  presents  a  total  drainage  basin  of  over  270,000  square 
mtles,  assembled  as  follows : 


Area  of  water 

snrface. 
B^aare  mileB. 

Area  of  water 

shed, 
square  milea. 

of  basin, 
square  miles. 

Lake  Superior 

31,200 

150 

22,450 

23,800 

25 

410 

25 

9,960 

15 

7,240 

51,600 
800 

37,700 

31,700 
3,800 
3,400 
1,200 

22,700 
300 

21,600 

82,800 

St.  Mary's  River .. 

950 

Lake  Michigan 

60,150 

Lake  Huron  and  Georgian  Bay. 
St.  Clair  River 

55,500 
3,825 

Lake  St  Clair 

3,810 

Detroit  River 

Lake  Erie..         

1,225 
32,660 

Niagara  River 

315 

Lake  Ontario. 

28,840 

95,275 

174,800 

270,076 
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The  water  surface  of  Lake  Superior  nearly  equals  the  com- 
bined areas  of  New  Hampshire,  Vermont,  Massachusetts  and 
Connecticut,  Lakes  Michigan  and  Huron  together  nearly  equal 
the  area  of  the  State  of  New  York,  Lake  Erie  the  combined 
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areas  of  New  Jersey  and  Delaware,  and  Lake  Ontario  about 
three-fourths  of  the  area  of  Maryland.  The  combined  area  of 
the  lakes  exceeds  the  area  of  England,  Wales  and  Scotland. 

The  drainage  basin  of  the  Great  Lakes  shown  on  fig.  1,  is  a 
reduction  of  a  very  careful  compilation  of  the  best  authorities 
and  shows  at  a  glance  the  details  stated  in  the  previous  table. 
It  shows  also  that  while  the  line  of  deepest  water  does  not  coin- 
cide with  the  middle  line  of  the  lakes,  it  does  approximately 
coincide  with  the  medial  line  of  lake  basin.  It  will  be  further 
observed  that,  with  the  exception  of  Lake  Erie,  the  points  of 
greatest  depth  quite  nearly  coincide  with  the  center  of  figure  of 
each  basin.  This  is  believed  to  be  a  fact  never  before  noticed, 
and  one  that  may  cast  some  light  upon  the  geological  evolution 
of  the  Great  Lakes. 

The  length  of  shore  line  of  the  lakes  and  their  connecting 
rivers  is  about  5400  miles,  or  about  equal  to  the  coast  line  from 
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Maine  to  the  isthmus  of  Panama, 

2. 


if  the  distance  be  measured 
along  the  I'eneral  contour 
of  the  coast,  ignoring  minor 
indentations. 

The  recently  perfected 
levels  of  the  U.  S.  Lake 
Surveys,  between  tide  water 
and  the  lakes,  fixes  the  ele- 
vation of  their  mean  sur- 
faces above  mean  sea  leyel 
as  follows: 

Lake.  Feet. 

Ontario 246flr 

Erie 572,^ 

Huron  and  Michigan ...  581-^ 

Superior GOl-ft 

(See  fig.  %y 

The  difference  of  20i  feet 
between  Lakes  Superior  and 
Huron  occurs  in  the  rapids 
of  St.  Mary's  River;  the 
8jV  f^t  between  Lakes 
Huron  and  Erie  mainly  in 
Detroit  River.' 

The  difference  of  326  feet 
between  Lakes  Erie  and 
Ontario  occurs  in  the  vicin- 
ity of  Niagara  Falls  and  is 
principally  assembled  as  fol- 
lows (see  fig.  3) :  100  feet  in 
the  five  miles  of  rapids  be- 
tween Lewiston  and  the 
lower  Suspension  Bridge, 
10  feet  in  the  rapids  be- 
tween the  Bridge  and  the 
Falls,  160  feet  at  the  Falls,* 
50  feet  in  the  rapids  imme- 
diately above  the  Falls,  and 
6  feet  in  the  upper  Niagara 
River. 

The  mean  depth  of  Lake 
Superior  is  about  475  feet ; 
the  deepest  point  (see  fie.  2) 
marks  a  depth  of  1008  leet, 
or  over  406  feet  below  the 
level    of    the    sea.      Lake 

*  The  height  of  the  Falls  is  156  feet  on  the  Canadian  side,  161  feet  near  the 
Bite  of  Terrapin  Tower  and  169  feet  near  the  east  side  of  the  American  Falls. 
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Huron  has  a  mean  depth  of  about  250  and  a  maximum  depth  of 
702  feet.  Lake  Michigan  has  a  mean  depth  of  825  feet  and  a 
maximum  depth  of  870  feet.  Lake  Erie  is  comparatively 
shallow,  having  an  average  depth  of  less  than  70  feet  and  a 
maximum  of  210  feet.  Lake  Ontario  has  a  mean  depth  of 
ab6ut  300  feet  and  a  maximum  of  738,  or  nearly  500  feet  be- 
low the  level  of  the  sea.  The  channels  of  the  rivers  connecting 
the  lakes  seldom  exceed  the  depth  of  50  feet  If  the  lakes 
could  be  drained  to  the  level  of  the  sea,  Lake  Erie  would  dis- 
appear, Lake  Huron  reduced  to  quite  insignificant  dimensions, 
Lake  Michigan  to  a  length  of  about  100  miles  with  a  width 
of  25  or  30  miles,  Lake  Ontario  and  Superior,  although  with 
diminished  areas,  would  still  preserve  the  dignity  of  their  pres- 
ent titles  as  Oreat  Lakes. 

3. 
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A  chemical  analysis  of  water  taken  from  the  deepest  part  of 
Lake  Superior  failed  under  the  application  of  delicate  teats  to 
indicate  the  f)resence  of  salt. 

The  beds  of  the  lakes  away  from  the  vicinity  of  the  shore- 
lines, and  at  deptihs  exceeding  100  feet,  are  almost  invariably 
covered  with  clay.  Specimens  from  the  deep  soundings  of  Lake 
Superior  were  invariably  soft  clay  varying  in  color  from  red, 
yellow  to  blua  In  the  deepest  parts  the  drabs  and  bluish 
tints  predominate. 

The  temperature  at  the  deepest  points  varies  little  from 
the  mean  annual  temperature  of  the  surrounding  air.  The  tem- 
perature of  Lake  Superior  at  depths  exceeding  200  feet 
varies  but  slightly  from  SO**  P.  In  Lake  Huron,  at  depths  of 
about  300  feet  the  temperature  in  the  months  of  June  and 
August  was  52°  F.,  while  at  a  depth  of  624  feet  the  temperature 
was  42°  F.,  the  surface  temperature  being  52°  F.  and  the  air 
64°  F. 

The  mean  annual  rain  and  melted  snow-fall  of  the  several 
lake  basins  is  as  follows:  Lake  Superior,  29  inches.  Lake 
Huron,  30  inches,  Lake  Michigan,  32  inches.  Lakes  Erie  and 
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Ontario,  34  inches.     This  is  about  equal  to  31  inches  on  the 
entire  lake  basin. 

The  following  represent  the  average  discharges  at  the  outlets 
of  the  lakes : 

Lake  Superior,  at  St  Mary's  River 86,000  cu.  ft.  per.  see. 

Lakes  Michigan  and  Huron,at  StClair  river,  225,000      "  " 

Lake  Erie,  at  Niagara 266,000      "  " 

Lake  Ontario,  at  St.  Lawrence  river 300,000      "  " 

The  aggregate  discharge  of  the  lakes  is  double  that  of  the 
Ohio  and  nearly  equals  half  the  discharge  of  the  Mississippi. 
The  area  of  thi*  lake  basin  is  a  third  larger  than  the  basin  of 
the  Ohio,  or  about  a  fifth  the  connbined  areas  of  the  basins  of 
the  Mississippi  and  its  affluents.  The  outflow  of  the  lake  basin 
is  slightly  less  than  half  the  rain  fall,  while  on  the  Mississippi 
and  Ohio  the  discharge  is  about  a  fourth  the  rainfall.  If  the 
average  discharge  of  the  lakes  passed  through  a  river  one  mile 
wide  with  a  mean  velocity  of  one  mile  per  hour,  such  a  river 
would  have  a  depth  of  40  feet  from  shore  to  shore. 

The  volume  of  water  in  the  lakes  is  about  6000  cubic  miles, 
of  which  Lake  Superior  contains  a  little  less  than  one-half. 
Perhaps  a. better  idea  of  this  volume  may  be  obtained  when  it 
is  said  that  it  would  sustain  Niagara  Falls  in  its  present  con- 
dition for  about  100  years. 

In  relation  to  the  depth  of  water  on  the  crest  of  Niagara 
Falls  it  can  be  easily  demonstrated  that  if  the  water  passed 
over  the  Falls  in  a  sheet  of  uniform  thickness  for  the  entire 
length  of  the  present  water  way,  which  is  about  3600  linear  feet, 
the  depth  of  the  sheet  would  not  exceed  4  feet  It  is  highly 
probable  that  at  the  apex  of  the  Horseshoe  Falls  the  depth  is 
nearly  20  feet,  consequently  it  may  be  inferred  that  the  depth 
of  the  sheet  except  in  a  few  places  is  less  than  4  feet. 

The  principal  ghanges  in  the  elevation  of  the  lake  surfaces 
are  those  due  to  the  wind  and  to  rainfall.  Prof.  Whittlesey 
states  that  on  Aug.  18,  1848,  a  gale  from  the  N.E.  reduced  the 
water  level  at  Buffalo,  N.  Y.,  to  a  point  15J  feet  lower  than  the 
surface  of  the  lake  on  Oct  18,  1849,  at  which  time  a  terrible 
gale  occurred  from  the  S.W.  This  was  an  excessive  difference 
of  level  and  one  of  rare  occurence 

During  protracted  autumn  gales  waves  have  been  observed 
which  through  reliable  means,  measured  from  15  to  18  feet 
above  the  normal  surface. 

The  second  class  of'  variations,  those  due  to  rainfall,  occur 
with  considerable  regularity.  The  lowest  water  in  the  year 
generally  occurs  in  Lakes  Ontario,  Erie,  Michigan  and  Huron 
in  the  months  of  November  and  March,  and  on  Superior  in 
March.    The  highest  water  occurs  on  the  first  named  lakes  in 
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June  and  July,  while  on  Superior  it  is  delayed  until  September. 
The  average  diflFerence,  derived  from  20  years  observation,  be- 
tween the  high  and  low  water  of  the  year  is  as  follows : 

Lake  Superior,  1-2  feet,  Michigan  and  Huron,  1*3,  Erie,  1*6, 
and  Ontario,  1*9  feet. 

4 


The  highest  observed  stage  of  the  lakes  occurred  in  the  sum- 
mer of  1888,  and  the  lowest  in  the  summer  of  1847 :  the  dif- 
ference between  the  two  stagey  being  about  4J  feet 
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The  water  level  of  the  lakes  for  the  last  20  years  is  shown  in 
fig.  4  and  fails  to  show,  as  has  been  claimed,  any  recurring 
cycle  of  high  or  low  water. 

The  carves  of  the  last  10  years  show  a  tendency  to  irregulari- 
ties which  may  be  due  to  changes  in  rainfall  and  water-shed 
produced  by  the  rapid  destruction  of  the  forests  which  10  years  * 
ago  covered  the  basin  of  the  upper  lakes. 

Observations  made  by  the  u.  S.  Survey  have  established  the 
existence  of  small  tides,  which  at  Chicago  had  an  amplitude  of 
1^  inches  for  the  neap  tide  and  about  3  inches  for  tne  spring 
tides. 

There  is  still  another  class  of  oscillations  called  seiches^  which 
have  been  already  observed  in  the  Swiss  Lakes  and  for  which  ^ 
a  solution  in  all   respects  satisfactory   has   not  been  offered. ; 
Whenever  the  lakes  are  sufficiently  free  from  the  disturbing " 
action  of  wind  to  permit  observations,  a  quite  regular  series  of 
small  waves,  or  pulsations  can  be  detected,  which  have  an  in- 
erval  of  about  10  minutes  from  impulse  to  impulse.   These  pul- 
sations seem  to  occur  almost  without  cessation  on  Lake  Superior. 
Besides  havinsr  tides  in  common  with  the  ocean,  the  lakes  have 
well-defined  land  and  lake  breezes ;  the  breeze  from  the  lakes 
landward  commencing  in  summer  at  8  or  10  o'clock  A.  M.,  and 
continuing  until  sunset  and  the  breeze  from  the  land  lakeward 
from  9  or  10  P.  M.  until  sunrise. 

The  modifying  effect  of  these  large  bodies  of  water  upon  land 
areas  contiguous  to  the  lakes  is  noticeable.  At  Milwaukee, 
Wis.,  which  is  directly  upon  the  shore  of  Lake  Michigan,  the 
mean  annual  temperature  is  as  follows:  winter,  24*^  R,  spring, 
41**  F.,  summer,  67°  R,  autumn,  49**  R,  annual  range,  110°  R 
At  points  in  the  same  latitude  but  from  50  to  100  miles  inland, 
the  mean  winter  and  autumn  temperatures  are  about  2°  F. 
lower,  and  mean  spring  and  summer  temperatures  nearly  5°  F... 
higher,  while  the  annual  range  is  about  5    F.  greater. 


Art.  XXXIII.  —  Mineralogtcal  Notes  from  the   Laboratory  of 
Hamilton  College;  by  Albert  H.  Chester. 

1.  FUCHSITE. 

This  interesting  variety  of  mica  occurs  in  considerable  abund- 
ance on  Aird  Island,  a  small  island  in  the  northern  part  of  Lake 
Huron  near  the  mouth  of  the  Spanish  River  and  consequently 
in  the  district  of  Algoma,  Canada.  The  matrix  is  a  coarsely 
crystalline  dolomite,  and  in  this  the  fuchsite  occurs  in  small 
layers  and  masses,  sometimes  associated  with  white  quartz  and 
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generally  accompaDied  by  small  flakes  of  silvery  mica,  from 
which  it  is  somewhat  difficult  to  separate  it  for  analysis. 
An  analysis*  of  a  pure  sample  resulted  as  follows : 

Cairns.  Sofaafhftutl. 

SiO, 46-49  47-96 

A1,0, 31-08  84-46 

Cr,0, 3-09  3-96 

Fe,0, trace  1*80 

CaO 0-61  0-69 

MgO 3-36  0-71 

K,0 9-76  10-76 

Na,0 0-90  0-37 

F v..  0-36 

H,0 6-86 

Total 100-04  100-92 

An  analysis  of  the  Tyrol  mineral  is  quoted  for  comparison. 
Another  determination  of  the  chromium  gave  2*88  per  cent  of 
Cr,0,.  The  occurrence  of  chrome  mica  allied  to  fuchsite,  at 
various  places  in  Canada,  has  been  mentioned  by  Dawson,t  but 
I  think  no  analysis  has  heretofore  been  published. 

The  dolomite  in  which  this  mineral  occurs  is  interesting,  not 
only  on  that  account,  but  because  of  its  peculiar  appearance, 
its  color,  cleavage  and  crystalline  characteristics,  causing  it  to 
be  readily  mistaken  for  calcite. 

The  analysis:!:  is  as  follows : 

CaCO, 62-83  percent 

MgCO, 40-39       " 

FeCO, 6-77  " 

SiO        .  : 0-20  « 

AlA 0-60  « 

CaSO,.. .     0-34  « 

H,0 0-14  « 

Total 100-27 

This  shows  it  to  be  a  true  dolomite  in  which  part  of  the 
carbonate  of  magnesium  is  replaced  by  carbonate  of  iron.  It 
is  the  common  rock  of  the  vicinity,  but  the  fuchsite  is  found 
in  it  only  at  one  place,  on  the  eastern  end  of  the  island,  the 
area  containing  the  mineral  measuring  not  more  than  thirty 
by  fifty  feet 

♦  By  Mr.  F.  I.  Cairns. 

{Geology  of  Canada  for  1863,  p.  494. 
By  Mr.  William  N.  DeRegt. 
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2.  Pink  Cblestite. 

The  occurrence  of  celestite,  in  connection  with  strontianite, 
in  the  rocks  of  the  Clinton  group,  has  received  casual  notice  by 
Professor  O.  Root,*  and  it  nas  also  been  noticed  since  in  van- 
ous  lists  of  mineral  localities.  It  occurs  in  nodules  and  geodes, 
not  only  in  the  liniestone  and  sandstone  beds,  but  also  in  the 
oolitic  iron  ore  beds  of  this  vicinity.  The  best  examples  are 
to  be  found  at  the  stone  quarries  near  Lairdsville,  about  two 
miles  west  of  Hamilton  College,  where  it  occurs  abundantly  in 
masses  made  up  of  prismatic  crystals,  sometimes  so  slender  as 
to  give  a  fibrous  appearance  to  the  specimens.  In  rare  in- 
stances the  crystals  are  bladed,  and  radiate  from  a  center  in 
fan-like  shapes.  These  specimens  are  often  coated  with  stron- 
tianite,  which  is  generally  of  a  mealy  character,  though  some- 
times in  small  crystals.  The  peculiarity  of  this  celestite 
which  makes  it  most  interesting  is  its  color,  which  is  usually  a 
delicate  pink  or  flesh  color,  though  sometimes  it  has  the  ordin- 
ary dull  bluish  tint  Occasionally  both  colors  are  seen  on  the 
same  specimen,  but  more  often  it  is  distinctly  one  or  the 
other. 

An  analysisf  of  this  celestite  gave  the  following  results : 

SrO - 46-71  per  cent 

BaO Y-28       '* 

CaO 2-01       " 

SO, 43-20       " 

SiO, 0-28       « 

Total 100-38 

This  corresponds  to  the  following  proportions  of  the  three 
sulphates  : 

SrSO, : 84-09 

BaSO, 1105 

CaSO, 1 4-86 

The  mineral  has  frequently  been  called  baryto-celestite, 
though  as  far  as  I  can  find  there  is  no  published  analysis  of  it 
From  the  above  calculation  the  ratio  of  S,SO^ :  BaSO^ :  CaSO^  is 
about  10 : 1 : 1,  but  the  mineral  is  undoubtedly  a  mere  mixture 
of  the  three  nearly  isomorphous  sulphates.  A  similar  mixture, 
but  without  the  CaSO^  is  described  by'  Collie,:|:  from  Clifton, 
near  Bristol,  England,  who  gives  a  number  of  analyses  of 
celestite  containing  barium  sulphate  in  varying  proportions  and 

♦  This  Journal,  n,  vol.  xiii,  p.  264.  \  By  Mr.  F.  I.  Cairn3. 

}  Min.  Mag.,  ii,  p.  220. 
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arrives  at  the  same  conclusion.  The  crystals  I  have  been  able 
to  find  on  these  specimens  are  few,  small  and  imperfect,  but 
the  faces  0,  1-i  and  -J-t  have  been  recognized  showing  angles 
approximately  near  the  correct  onea 

3.   ZiNKENITE. 

A  sample  of  bindheimite  from  the  Stewart  Mine,  Sevier 
County,  Ark.,  has  at  its  center  a  compact  massive  mineral  of 
dark  gray  color,  consisting  of  lead,  antimony  and  sulphur  only. 
A  partial  analysis  of  the  pure  homogeneous  mineral  shows 
34*77  per  cent  of  lead,  and  indicates  that  it  is  zinkenite.  The 
occurrence  of  this  rare  mineral  among  the  Arkansas  antimony 
ores  is  suggested  by  Professor  Charles  E.  Wait  ;*  and  Mr.  W. 
F.  Hildebrandf  describes  zinkenite  from  Colorado  very  similar 
to  that  noticed  above. 

4.  Broohantite. 

A  specimen  of  brochaniite  from  Chili  gave  the  following 
analysis,  after  deducting  4*45  per  cent  of  insoluble  matter,  an 
calculating  to  one  hundred  per  cent. 

CuO 71-73 

SO, 18-21 

H,0 10-06 

This  corresponds  well  with  the  formula  Cu^S0,+2iH,0, 
which  requires  CuO  71-84,  SO,  1816  and  H,0  10-00.  The 
mineral  occurs  in  small  tufts  of  delicate  fibrous  crystals,  verdi- 
gris to  emerald-green  in  color,  associated  with  linarite,  in  a 
quartz  matrix. 

5.  Peotolite. 

A  specimen  of  okenite,  so-called,  from  Disco  Island,  Green- 
land, afforded  the  following  analysis : 

SiCK 62-86 

CaO 34-33 

A1,0,  .  - 0-71 

Na,0 Y-60  . 

K,0 0-47 

H,0 4-70 

Total 100-67 

*  Tran&  Am.  iDst.  Min.  Eng.,  vol.  viii,  p.  61. 
t  U-  S.  Geol.  Sunr.  Bull.  20,  p.  93. 
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This  is  evidently  pectolite,  as  is  probably  much  that  is  now 
called  okenitefrom  tne  sanie  locality.  The  specimen  examined 
is  made  up  of  a  mass  of  fine  interlaced  fibers,  pure  white  in 
color,  with  a  sub-pearly  luster,  and  forming  a  layer  about  an 
inch  in  thickness. 

6.  Hbmimorphic  crystals  of  Barite. 

The  crystals  of  barite  from  DeKalb,  St.  Lawrence  Co.,  N.  T., 
described  by  G.  H.  Williams,*  exhibit  the  following  macro- 
domes  besides  the  one  he  mentions :  l-i  (cJ),  J •^  and-  the  rare 
one  f-t  {w\  The  crystals  are  generally  so  grouped  together  that 
one  doubly  terminated  cannot  often  be  obtained,  but  a  study 
of  the  few  that  .have  been  observed  shows  them  to  be  hemi- 
morphic  and  quite  different  from  any  heretofore  described. 
The  crystals  are  all  alike  and  have  the  form  given  below ;  fig.  1 
shows  one  in  the  usual  position,  while  in  fig.  2  the  bracny- 

2. 


/f^ 


\J 


diagonal  is  jnade  vertical.  Measured  with  a  hand  goniometer 
0/>k\'1  (cr^w)  is  found  to  be  183®,  corresponding  closely  with 
the  angle  given  by  von  Kokscharow,t  132*^  58'  25''.  As  men- 
tioned before,  all  the  doubly  terminated  crystals  found  show 
this  dome  on  one  end,  and  it  is  also  quite  often  seen  on  the 
broken  and  grouped  crystals  which  show  but  one  termination, 
though  the  face  j-z  {d)  is  rather  more  common.  A  few  singly 
terminated  crystals  were  found  with  both  domes.  In  these 
cases  the  curious  alteration  noticed  by  Williams  is  well  shown, 
the  faces  f-i  beine  changed  to  the  chalk-like  material  which  he 
describes,  while  the  next  face,  ^t,  is  colorless  and  transparent, 
or  sometimes  altered  on  the  edges,  leaving  a  triangular  spot  of 
unaltered  material  in  the  center  of  the  face.  It  is  worthy  of 
notice  that  this  form,  so  rarely  seen  heretofore,  should  be  so 
common  in  this  one  locality. 

♦  Johns  Hopkins  Univ.  Circ.,  No.  29,  p.  61,  1884. 
t  Min.  Russl.,  vii,  p.  54,  1875. 
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Other  bemimorphio  crystals  of  barite  have  been  described  by 
Reoss,*  by  Zepbarovich,f  and  by  SchraQf.:|:  These  forms  are 
all  given  in  Schraufs  Atlas,  figs.  4,  12  and  16,  under  Baryt. 
The  first  two  are  hemimorphic  in  the  direction  of  the  same 
axis  as  the  crystals  from  DeKalb,  and  the  other. in  the  line  of 
the  vertical  axis.  While  all  three  are  much  more  complicated 
than  the  simple  one  described  here,  none  of  them  shows  the 
face  f -i. 

The  symbols  used  here  correspond  to  the  more  common 
position  of  barite,  where  the  plane  of  the  principal  cleavage  is 
made  the  basal  pinacoid.  The  hemimorphism  is  better  shown, 
as  in  fig.  2  above,  by  returning  to  the  old  system,  still  used  bv 
some  authorities,  where  this  plane  is  made  the  brachypinacoia, 
requiring  of  course  a  change  of  the  symbols. 

7.   PSKUDOMORPHS  OF  CeRARGYBITK  AFTER  PyRABGYRITE. 

These  interesting  pseudomorphs  were  found  among  some 
ores  and  minerals  from  the  Horn  Silver  Mine  at  Frisco,. Utah, 
and  are  apparently  not  uncommon  there.  The  matrix  is 
sometimes  a  white  amorphous  silica,  easily  crumbled  and  con- 
taining much  water.  It  is  evidently  a  variety  of  opal  and 
closely  related  to  the  geyserite  of  our  Western  hot  springs.  In 
other  cases  the  matrix  is  nearly  pure  barite,  always  distinctly 
crystalline  and  occasionally  seen  in  minute  crystals.  In  color 
it  is  generally  white  or  grayish,  but  occasionally  it  takes  deli- 
cate  lilac  tints.  Scattered  somewhat  sparsely  through  these 
two  we  find  crystals  of  a  dark  color  which  grade  all  the  way 
from  pure  pyrargyrite  to  pure  cerargyrita  They  are  from 
2  mm.  to  4  mm.  in  diameter  and  up  to  10  mm.  in  length. 
Though  rough  externally  they  are  easily  seen  to  be  in  hex- 
agonal prisms  and  occasionally  show  rhombohedral  termina- 
tions. 

Some  of  these  crystals  are  found  on  examination  to  be  pure 
unaltered  pyrargyrite,  consisting  of  sulphantimonide  of  silver 
with  a  little  arsenic.  Many  of  them  are  partially  altered  to 
cerargyrite,  usually  in  an  irregular  manner,  but  occasionally 
are  only  altered  on  the  outside  leaving  a  core  of  pyrargyrite. 
Quite  a  number  of  them  are  completely  changed  and  are 
chloride  of  silver  throughout.  This  is  then  a  case  of  pseudo- 
morphism bv  alteration  and  not  a  simple  filling  with  chloride 
of  silver  of  cavities  left  after  the  removal  of  pyrargyrite 
crystals. 

♦  Ber.  Ak.  Wien,  lix,  p.  C23,  1869.  f  *'  1^*08,"  p.  8,  1870. 

X  Ber.  Ak.  Wien,  Ixiv,  p.  199,  1871. 
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8.  SOOBODITE.  . 

This  mineral  is  also  found  among  the  specimens  from  the 
Horn  Silver  Mine,  and  particularly  in  connection  with  the 
amorphous  sulphate  of  lead  so  common  there.  It  does  not 
occur  abundantly,  but  in  very  thin  crystalline  crusts  of  the 
characteristic  pale  green  color,  and  also  in  amorphous  layers 
which  shade  from  yellow  to  dull  brown.  The  mineral  occurs 
in  such  thin  layers,  and  so  mixed  with  foreign  matters,  that  a 
pure  sample  for  analysis  can  hardly  be  obtained,  but  before  the 
blowpipe  it  reacts  for  arsenic  acid,  iron  and  water,  and  behaves 
in  all  respects  like  scorodite.  So  few  localities  of  this  mineral 
have  been  found  that  this  occurrence  is  thought  worth  a  notice 
here. 

9.  BiSMUTITB. 

Some  samples  of  a  mineral  from  near  Casher's  Valley,  Jack- 
son Co.,  N.  C.,  sent  here  for  identiBcation,  prove  to  be  bismu- 
tite.  It  occurs  in  a  narrow  vein  aflfording^^nly  small  masses, 
the  largest  being  about  the  size  of  a  mgeon*s  egg,  associated 
with  dark  red  or  black  garnet,  white  mica  and  quartz,  and 
rarely  black  tourmaline,  the  bismutfte  forming  the  matrix  of 
the  other  minerals.  As  usual  it  has  various  colors,  the  purest 
and  most  unaltered  being  light  apple  green,  while  some  parts 
are  dark  gray.  It  shades  from  these  colors  through  yellow  and 
light  gray  to  chalky  white  in  the  amorphous  parts.  It  has  a 
laminated  structure,  in  some  instances  appearing  almost  col- 
umnar.    The  specific  gravity  of  the  purest  is  7'4:  to  7*6. 

Analysis  of  the  mineral*  gave  results  as  foUws: 

Bi  O, 86-36  percent. 

CO, 7-79        «    ' 

H,0 202        « 

Insoluble 3-63         « 

Total 99-80 

It  was  not  easy  to  select  material  entirely  free  from  gangue 
but  this  was  not  necessary,  as  the  solution  of  the  mineral  in 
dilute  nitric  acid  is  complete,  leaving  a  residue  of  mica  and 
quartz  only.  Deducting  this  residue  and  calculating  to  one 
hundred  per  cent  gives : 

Bi  O, 89-80  percent. 

CO 8-10        " 

H,0 210        " 

The  formula  suggested  is  Bi,C,0,+2Bi,H,0^,  requiring 
Bi.O,  89-31,  CO,  840    and    H,0   2-29,    which    agrees   very 

♦  By  Mr.  F.  I.  Cairns. 
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well  with  the  figures  given  above.  The  mineral  is  therefore  a 
combination  of  bismuth  carbonate  and  hydrate.  Comparing 
this  formula  with  610^  which  is  given  by  Weisbach*  tor  his 
bismutosphaerite,  or  rather  with  its  equivalent  Bi,0,0,+2Bi,0„ 
we  see  that  they  differ  only  in  the  hydration  of  the  bismuth 
oxide.  If  we  regard  the  loss  in  Winkler*s  analysis  as  water, 
and  after  deducting  the  silica  found,  calculate  to  one  hundred 
per  cent,  it  becomes  Bi.O,  88*83,  00,  8*90  and  H,0  218, 
also  c^uite  near  the  figures  required  by  the  formula. 

It  IS  to  be  hoped  that  there  will  be  a  new  examination  of 
bismutosphddrite,  for  it  certainly  is  a  suspicious  circumstance 
that  the  loss  in  the  analysis  given,  an  analysis  on  which  a  new 
name  is  based,  should  be  exactly  the  amount  of  water  required 
to  make  it  the  well-known  mineral  bismutite. 
Clinton,  N.  T.,  February  16,  1887. 


Art.  XXXIV. — The  Topography  and  Geology  of  the  Gross  Ttm* 
hers  and  surrounding  regions  in  Northern  Texas  ;  by  BoBEBT 
T.  HiLL.t    With  a  Map,  Plate  VI. 

The.  Cross  Timbers  of  Texas  are  two  long  and  narrow  strips 
of  forest  region  between  the  96th  and  99th  meridians,  ex- 
tending parallel  to  each  other  from  the  Indian  Territory  south- 
ward to  the  central  portion  of  the  State,  forming  a  marked 
exception  to  the  usual  prairie  features  of  that  country.  They 
have  been  delineated  upon  several  maps,  but  most  accurately 
upon  the  one  accompanying  the  "Report  on  the  Cotton  Produc- 
tion of  the  State  of  Texas,  with  a  Discussion  of  the  Agricul- 
tural Features  of  the  State,"  by  R  H.  Loughridge,  Ph.D., 
Special  Agent  of  the  Tenth  Census, j:  which  has  been  adopted 
in  the  map  illustrating  the  areal  distribution  of  the  geologic 
formations  of  the  United  States,  published  in  vol.  v,  of  the 
Annual  Reports  of  the  Director  of  the  U.  S.  Geological  Survey. 

The  traveler,  in  crossing  this  region  of  Texas  from  east  to 
west,  along  the  line  of  the  Texas  and  Pacific  railroad,  views 
the  Cross  Timbers  merely  as  a  grateful  relief  to  the  monotony 
of  the  prairies,  and  sees  little  in  them  worth  remembering. 
To  the  more  careful  observer,  however,  there  are  numerous 
points  of  interest  bearing  on  their  topographic  and  geologic 
relations,  some  of  which  are  worthy  of  presentation. 

♦  Jahrb.  Berg-Hutt.,  1877. 

f  Read  before  the  Philosophical  Society  of  Washington,  Jan.  29,  1877. 

X  Rep.  Tenth  Census,  vol.  y,  pt.  I,  1884,  pp.  653-831. 
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The  literature  hitherto  published  on  the  subject  conveys  but 
vague  ideas  of  the  real  nature  of  the  Cross  Timbers,  and  usually 
ignores  the  discussion  of  their  physical  features.  In  fact  they 
have  always  been  treated  together  as  one  phenomenon,  and  but 
little  intimation  has  been  made  of  the  differences  existing 
between  them.  Neither  has  much  of  definite  value  been  pub- 
lished on  the  surrounding  region,  for  which  reason  it  will  be 
necessary  to  include  it  in  this  discussion. 

T?ie  Upper  Cross  Timbers, 

From  their  greater  altitude  and  their  position  relative  to  the 
flow  of  the  rivers,  the  more  western  of  the  Cross  Timbers,  al- 
though geologically  lower  in  the  aeries,  is  known  as  the  Upper, 
in  distinction  from  the  eastern,  or  Lower.  It  extends  southward 
from  the  Indian  Territory,  through  the  counties  of  Montague, 
Wise,  Jack,  Parker,  Hood,  Erath  and  Comanche,  to  near  the 
Colorado  River.  Its  eastern  border  at  every  point  is  clearly 
defined,  the  adjoining  prairie  region  being  invariably  much 
higher  in  altitude.  The  western  border  is  not  so  sharply 
marked,  but  it  approximately  coincides  with  the  98th  meridian 
until  near  the  32d  degree  of  latitude,  when  it  bends  to  the 
westward,  losing  its  identity  by  *' thinning  out,"  so  that  the 
boundary  between  the  wooded  and  prairie  region  is  not  always 
apparent.  •  The  surface  soil  usually  consists  of  an  exceedingly 
fine  grained  siliceous  sand,  which  is  the  detritus  of  the  under- 
lying strata.  This  sand  is  utterly  untenacious,  except  when 
wet,  and  is  readily  distributed  by  the  high  winds  over  the  sur- 
face so  as  to  efiFectually  conceal  the  underlying  strata.  A  small 
amount  of  red  clay  from  a  neighboring  stratum  gives  to  the 
sand,  when  mixed  with  it,  a  dirt  yellow  color.  Although  des- 
titute of  turf,  the  surface  is  covered  with  a  thick  growth  of 
stunted  trees  and  bushes,  consisting  mainly  of  the  post  oak 
{Quercus  obtiisiloba)  and  the  black  jack  {Q.  nigra),  accom- 
panied by  elms  and  hackberries,  and  many  annuals  and  peren- 
nials that  accommodate  their  appearance  to  the  time  of  ramfall. 
This  flora  is  nearly  constant  throughout  the  entire  extent  of 
the  Upper  Cross  Timbers,  and  most  of  its  species  also  occur  in 
the  lower  member.  The  character  of  the  soil,  as  above  de- 
scribed, is  also  constant  along  the  eastern  edge,  but  is  varied 
along  the  western  half  of  the  timbers  by  the  presence  of  a 
crumbling,  fine-pebble  conglomerate. 

2^he  Lower  Cross  Timbers. 

The  lower  Cross  Timbers  are  located  about  fifty  miles  east 
of  the  upper  belt,  and  extend  in  a  direction  approximately 
parallel  to  it.  They  are  separated  their  entire  length  by  a 
prairie  region,  utterly  destitute  of  timber.     The  western  mar- 
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gin  of  the  Lower  Cross  Timbers  is  olearly  defined,  as  is  the  case 
with  the  eastern  edge  of  the  Upper  member ;  but,  instead  of 
being  below  the  level  of  the  prairie  it  is  always  at  a  higher  alti- 
tade.  The  soil  of  the  Lower  Cross  Timbers,  although  also  are- 
naceous, differs  from  that  of  the  Upper  in  many  respects.  It 
is  ferruginous  and  more  fertile,  averaging  less  than  ninety  per 
cent  of  insoluble  silica,  while  that  of  the  Upper  usually  exceeds 
ninety-seven.  The  difference  in  fertility  of  the  soils  produces 
a  varietal  difference  in  the  flora,  the  trees  attaining  much  larger 

Proportions  and  the  number  of  species  being  slightly  greater. 
*be  average  width  of  the  Lower  Cross  Timbers  does  not  exceed 
fifteen  miles,  and  they  lose  their  identity  near  the  Brazos 
River,  at  Waco. 

It  is  now  evident  that  the  resemblances  of  the  two  belts  of 
timber  are  only  of  a  general  character,  and  an  examination  into 
their  geologic  relations  will  show  many  more  important  differ- 
ences than  those  already  pointed  out. 

I^evalent  TTieories  as  to  the  Cross  JHmbers, 

The  occurrence  of  these  anomalous  belts  of  timbered  region, 
extending  in  a  direction  at  right  angles  to  the  streams,  has 
been  productive  of  many  hypotheses  concerning  their  origin. 
Unfortunately,  very  few  geologists  have  heretofore  visited  the 
country,  and  hence  most  of  these  hypotheses  have  been  based 
apon  compilation  or  tradition.  Most  of  them  imply  that  the 
arenaceous  soils  of  the  Cross  Timbers  have  resulted  from  the 
sediments  of  post  Cretaceous  aqueous  channels  or  basins, 
which  have  been  preserved  intact  from  destructive  denudation. 
These  theories  are  partially  derived  from  the  relative  position 
of  the  timbers  to  the  adjacent  prairies.  One  of  them  is  that 
they  represent  arms,  or  inlets,  of  the  Tertiary  sea* — a  theory 
made  plausible  by  the  proximity  of  their  southern  termini  to 
the  western  borders  of  tne  Tertiary  area,  and  the  occurrence  in 
one  of  the  Timbers  of  a  molluscan  fauna,  presenting  at  the  first 
glance  a  Tertiary  facies.  A  second  theory  is  that  they  are  the 
beds  of  extinct  lakes,  and  a  third,  that  they  represent  the 
channels  of  Quaternary  river8,f  the  directions  of  which  indicate 
the  former  general  slope  of  the  surface  of  the  country.  The 
current  opinions  concerning  their  geologic  age  have  been  as 

♦  **  First  Annual  Report  of  the  (Jeolopncal  and  Aprricultural  Survey  of  the  State 
of  Texas,  by  S.  B.  Buckley,  State  Geologist,"  pp.  61,  62.    Houston,  1874. 

-f  Dr.  Loughridge  speaks  thus  of  the  river  channel  theory:  ''In  many  points 
along  its  course  the  general  surface  of  the  belt  is  lower  than  the  adjoining  prai- 
ries, and  the  general  features  of  the  lower  Cross  Timbers  almost  lead  to  the  con- 
clusion that  at  some  time  a  deep  trough-like  valley  connected  Red  (perhaps  the 
Canadian)  and  Brazos  rivers,  probably  forming  the  bed  of  the  former  river  and 
conveying  its  waters  to  the  Gulf  through  the  present  channel  of  the  Brazos,  and 
that  by  some  agency  this  valley  was  filled  with  clays  and  sands  and  the  present 
channel  of  the  river  formed." — Rep.  on  Cotton  Production,  p.  29. 
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diverse  as  those  concerning  their  orifj^in.  Dr.  S.  B.  Backleji 
in  his  ^^ First  Annual  Report  of  the  Agricultural  and  Geologi- 
cal Survey  of  the  State  of  Texas,"  erroneously  calls  the  lower 
member  the  **  upper  '*  (p.  61)  in  one  place,  and  refers  them  to 
the  "  Miocene,"  and  on  the  next  pa^e  he  speaks  of  them  both 
as  probably  "Tertiary."  Messrs.  Blake  and  Hitchcock,  on 
their  geological  map  of  the  United  States  (1876),  delineate  only 
the  lower  member  of  the  Cross  Timbers,  and  color  it  Eocene. 
Mr.  A.  B.  Boessler's  series  of  county  maps  of  Texas  represent 
the  upper  timbers  as  Tertiary.  A, prominent  authority  on  the 
Southern  States  Tertiaries,  in  a  private  letter,  maintains  that 
the  upper  member  is  Carboniferous,  and  the  lower  one  of  the 
Cretaceous  period  (Ripley).  Dr.  R.  H.  Loughridge,  in  the  val- 
uable treatise  so  often  mentioned  in  this  paper,  gives  the  best 
account  of  them  that  I  have  seen  in  print,  and  calls  them 
"stratified  Quaternary  drift."  Mr.  W.  J.  McGee,  naturally 
accepting  Dr.  Loughridge's  theory  as  the  most  plausible,  inoor- 

e crated  it  in  his  Map  of  the  United  States,  accompanying  the 
ifth  Annual  Report  of  the  Director  of  the  U.  S.  Geological 
Survey,  Washington,  D.  C,  1886.* 

With  all  of  these  theories  in  mind,  I  must  confess  that  I 
visited  the  region  this  summer  with  a  preconceived  idea  that 
I  should  find  some  one  of  them  approximately  true,  and  I 
was  greatly  surprised  to  find  them  all  equally  erroneous. 

Topographic  and  geologic  characteristics. 

Before  a  proper  appreciation  of  the  relations  of  the  two  mem- 
bers of  the  Cross  Timbers  to  each  other  can  be  arrived  at,  it  is 
necessary  to  briefly  review  the  salient  topographical  features  of 
this  portion  of  the  State  of  Texas.f  The  river  drainage  of  the 
State  indicates  the  only  general  feature  in  its  topography — a 
slope  of  the  surface  from  northwest  to  southeast;  but  even  to 
this  feature  there  are  several  important  exceptions.  For  my 
own  convenience  I  have  divided  the  topographic  features  of 
the  State  into  the  following  broad  areas : 

FirsL — The  Coast  Plain,  a  continuation  of  the  topographic 
features  of  the  Gulf  States  so  far  as  they  represent  old  outlines 
of  Post-Cretaceous  sedimentation  of  the  Gulf  of  Mexico. 
Althoujjh  a  portion  of  the  Cretaceous  strata  for  a  short  distance 
west  of  it  could  be  classified  geologically  with  this  Coast  plain, 
its  topographic  border  is  made  to  coincide  with  the  interior 
border  of  the  marine  Tertiary,  the  plain  being  mostly  a  forest- 
covered  section  of  country,  and  at  a  much  lower  altitude  than 
the  prairie  region. 

Second. — The  "  Black  Prairie  Region."  This  constitutes  an 
elongated,  triangular  region  continuing  from  Arkansas  and 

*  Mrf  0.  H.  Hitchcock  also  accepts  this  in  his  late  map,  1886.        f  ^^  Q^^P* 
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Indian  Territory  into  Northern  and  Central  Texas,  and  im- 
mediately adjoining  the  foregoing  topographical  division  on 
the  west.  Its  western  border  follows  a  line  drawn  through 
Dallas  and  Austin,  from  Denison  to  San  Antonio,  where  it 
makes  a  western  deflection  to  the  Rio  Grande.  Geologically, 
this  region  is  also  a  continuation  of  the  features  of  the  other 
Gulf  ^tes,  but  beyond  its  western  edg^the  continuity  ceases. 
It  differs  from  the  Coastal  Plain  in  being  at  a  much  greater  alti- 
tude, and  consisting  almost  entirely  of  a  level  prairie  region. 
Its  altitude  is  from  450  to  750  feet. 

yWrc?.— The  Central  Denuded  or  Hilly  Region.  This  area,  in 
itself,  embraces  a  great  number  of  unique  and  well-marked 
topographic  features,  each  of  which  is  worthy  of  a  more  detailed 
description  than  can  be  here  given.  It  might  be  called  the 
**  butte  "  region,  the  "  drouth  "  region,  or  by  any  of  a  dozen  local 
descriptive  names  equally  applicable  to  it;  but  its  general  fea- 
tures are  all  the  result  of  one  great  cause,  an  excessive  amount 
of  superficial  denudation.  It  includes  all  the  country  west  of 
the  Black  Prairie  Region  to  the  escarpment  of  the  plains,  in  the 
northwest,  and  to  the  TransPecos  mountainous  region  of  the 
southwest  It  embraces  a  multitude  of  geologic  formations, 
but  there  is  in  it  little*  or  no  evidence  of  local  disturbance  in 
the  strata.    Its' altitude  is  generally  between  750  and  2000  feet. 

Fourth. — ^The  Plateau,  or  Pan  Handle  R^ion.  This  com- 
prises the  northern  and  most  extensive  half  of  the  Llano  Esta- 
cado,  and  is  a  southern  continuation  of  the  great  plains  of 
Kansas. 

Fifth. — The  Mountainous  or  Trans-Pecos  Region.  Most  of 
the  country  west  of  the  Pecos  consists  of  highly  disturbed, 
mountainous  areas.  The  general  direction  of  the  axes  of  the 
disturbances  is  parallel  with  the  course  of  the  Pecos,  4he  Rio 
Bravo,  and  the  Sabinas  river  in  Mexico,  all  which  flow  nearly 
due  southeast.  The  eastern  border  of  this  area  crosses  the  Rio 
Grande  west  of  the  Pecos,  continues  in  Mexico  for  a  distance, 
but  again  crosses  the  Rio  Grande  eighteen  miles  west  of  Eagle 
Pass,  and  for  a  hundred  and  fifty  miles  it  extends  along  the 
Texas  side  of  that  river  to  below  Laredo,  where  it  again  crosses 
it  into  Mexico. 

I  have  endeavored  to  delineate  this  classification  of  the 
topographic  features  upon  the  accompanying  map,  plate  YI. 

The  two  belts  of  the  Cross  Timbers  are  entirely  within  the 
third,  or  Central  Denuded  Region,  the  eastern  border  of  the  lower 
timbers  coinciding  almost  exactly  with  the  western  border  of 
th6  second  topographical  area.  The  chief  geologic  agency  in 
modifying  the  surface  of  this  region,  as  before  stated,  has  been 
subaerial  erosion.     The  only  elevation  apparent  is  that  which 

*  No  recorded  disturbance ,  I  should  saj.  There  is  an  important  dislocation  of 
«trats  in  this  region  to  whidi  I  shall  soon  call  attention. 

Am.  Jotjb.  Sol— Third  Sebibs,  Vol.  XXXIII,  No.  196.— April,  1887. 
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is  common  to  the  other  areas,  and  which  was  dne  to  the  rising 
of  the  Rocky  Mountain  axes.  The  denudation  resulting  from 
the  subaerial  erosion  has  been  very  great,  the  whole  of  the  geo- 
logic series,  from  the  recent  to  far  down  into  the  Carboniferous, 
having  been  remoired  from  iis  center  or  place  of  greatest  denu- 
dation. In  traveling  in  either  direction  irom  the  center  of  this 
region,  east  or  west,  and  sometimes  south,  the  g^ologic  forma- 
tions will  be  passed  in  ascending  series,  from  the  Carboniferous 
into  the  Tertiaries.  The  denudation  is  progressing  now  at  a 
rate  probably  greater  than  in  any  time  past,  and  the  geologic 
features  are  being  constantly  modified  by  it  The  Tertiary,  if 
it  ever  existed  there,*  has  already  been  removed  from  this  vast 
area,  and  the  Cretaceous  is  rapidly  yielding — in  places  entirely 
gone.  This  fact  being  true,  it  is  evident  that  the  Cross  Timbers 
cannot  represent  any  post-Cretaceous  sediments. 

Going  from  east  to  west  along  the  line  of  the  Texas  fiacific 
Railway,  as  I  have  represented  uppn  the  accompanying  profile 
and  geologic  section — from  the  area  of  the  least  denudation  to 
that  of  the  greatest — let  us  examine  more  closely  into  the -rela- 
tions of  the  strata,  and  their  connection  with  the  present  topo; 
graphic  features.  The  second  topographic  area,  after  passing 
west  of  the  first,  or  Coast  Plain  (with  which  I  shall  not  deal  in 
this  paper),  is  locally  known  as  the  **  black  waxy,"  or  "  white 
rock"  prairie,  two  names  derived  respectively  from  the  char- 
acter of  the  soil  and  of  the  underlying  rock.  It  has  such  topo- 
graphic, geologic,  and  paleontologic  resemblance  to  the  "  Rotten 
limestone  '*  of  the.other  Gulf  8tates,  as  well  as  direct  geographic 
continuity,  that  there  is  no  doubt  but  that  it,  as  well  as  its 
immediately  adjacent  strata,  is  a  continuation  of  the  same 
formations  from  those  States.  The  underlying  rock  (6)f  is  a 
soft,  almost  structureless,  slightly  foraminiferous  limestone 
rich  in  magnesium,  which,  on  dry  exposure,  hardens  and 
bleaches  to  a  yellow-white,  and  on  contact  with  moisture 
readily  decomposes  and  crumbles.  Natural  sections,  wherever 
exposed  by  the  creeks  or  rivers,  show  that  there  is  a  gradual 
transition  from  rock  to  marl  and  marl  to  soil.  In  other  words, 
the  top  of  the  rock,  when  acted  upon  by  infiltrating  moisture, 
is  decomposed  into  the  marls  and  soils.  The  uniformity  of  this 
under-surface  decomposition  over  a  large  area,  together  with 
the  tenacity  of  the  soil,  results  in  a  level  and  well  defined 
prairie  region.  The  eastern  edge  of  this  Rotten  limestone,  where 
It  dips  under  the  higher  protecting  strata,  is  much  thicker  than 

*  The  land  divide  which  piobablj  separated  the  brackish  and  fresh- water  Ter- 
tiaries of  the  west  from  the  purely  marine  Tertiaries  of  the  Gulf  region  may  have 
occupied  this  region  at  one  time.  The  marine  Tertiaries  end  in  the  vicinity  of 
Hlmo,  Kaufman  County  (a'). 

f  Letters  in  parentheses  refer  to  the  letters  upon  the  profile  and  geologic 
•eetion  accompanying. 
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(1)  TniLB.  St.  Louis  Acad,  of  Science,  Aug.,  '60.     (2)  Trans.  St.  Louis  Acad,  of  Science,  Aug.,  »«L 
(5)  KreidebUdungen  von  Texas,  '62. 

the  western,  the  latter  constantly  undergoing  the  process  of 
oblique  truncation  by  erosion.  As  a  result  of  this  action  it 
becomes  thinner  and  thinner  toward  the  west,  until  it  is  finally 

*  For  conyenient  reference  and  brevity,  I  have  formulated  into  a  section  the 
synonymy,  litholof^y,  hitherto  published  paleontology,  and  occurrence  along  the 
Texas  Pacific  Railway  of  these  strata.  With  a  variation  of  thickness  according 
to  locality,  this  section  is  applicable  to  the  Austin  or  New  Braunfels  region. 
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fmjie  Raaroad,,from  Blmo^  Kaufman  Cminty^  to  MUttap,  Pdrker  County^  a$id^  toUh  loetU  Variation*  of 
Bated  mponpermnal  Observation,    By  Robert  T.  HilL  • 


PAI*EOXTOt.OOT. 


j  OCCUBBEKOB  ALONG  TBXAB  PaCIFIO  B.R. 

Van  Zandt  Co.  west  to  Ehnoi 


"  I  have  been  able  to  recognize  the  following  species  Elmo  and  Terrell, 
common  to  the  Tippah  (Biles.)  and  Navarro  (Texas)  I 

bids:    NantilQs  Dekaji,  Baculltes  Tippaensis,  B.' Terrell   to  concealed   point   fifteen   miles  west  of 
SpiDmani,  Pnrpurea  canoellaria,  Bapa  snprapllcata,  |    Dallas. 
Strombns  densatus,  Ficus  subdensatns,  Pleurotoma< 
Biplejana,  Pholadomya   Tippaua,   P.    elegan tula, 'Narrows  southward  towards  Rio  Qrande.    This  and 


F  chy^andinm  8pillmani«  Leonmen  elliptica,  Sili- 
qowla  bipUcata,  Pecten  simplicus,  P.  Burlihgtonen- 
ds,  and  £xogyria  costata."— B.  Jb\  Shnmard,  Proc. 
Bost  Soc.  Nat  Hist,  1861. 


all  the  succeeding  members  are  exposed  along  north 
and  south  lines  from  Denison  to  beyond  New  Brann- 
pels,  and  can  be  transected  by  going  from  east  to 
west.    They  thicken  southward. 


Isoceramns  blformis,  Grypluea  vesleularis,'  Exogyr* 

eostata,  Ostrea  anomiaf ormis.  Area  vulgaris,  Badio- 

Iftes  Austinensis,  Nautilus  DeltaytBaculites  anceps, 

Hrlicoceras,  Ammonites,  Gassidulus  lequorus.  He-  From  above  point  east  of  Dallas  to  Eagle  Ford,  aeren 

miaster  panwntus.— B.   F.  Shamao^,  Aug.,  1860.  .    -~  - 

Mort  of  Bcemer's  species  from  the  Cretaceous  at  the 

foot  of  the  highlands  are  from  the  Austin  lime- 

stcaie  and  th*»  upper  (Ripley)  beds. 
Dr.  Shvmard's  list  includes  forms  of  the  over  and 

QDderiying  beds.— R.  T.  H. 
Ortwa  bejlapUcata  Shum. 
Oorax,  Lnnna,  Otodus,  and  other  vertebrates  in  the 

nppo- half. 
Only  aone  of  Inoceramus  problematicus,  Ostrea  con- 

gesta,  sad  various  uiidetcnnlnedAmmonitidn.  Blue 

■hales  at  base  are  barren. 


Ostif^ida,  lignites,  etc. 


miles  west  of  Dallas. 


Escarpment,  two  miles  south  of  Eagle  Ford,  and 
along  north  and  south  line  to  Denison. 

Afong  face  of  escarpment  and  underlying  prairie 
from  Eagle  Ford  to  seven  miles  west  Also  at 
Denison. 


Lower  Cross  Timbers,  from  point  few  miles  east  bi 
Arlington  to  eight  miles  west.    Thins  out  to  south. 


rOBUXTT     BT     EBOSIOH. 


Oitra  crenulimargo,  Turritella  Marnochii,  Nucula, 
Corbala,etc. 

ibuy  species  of  off-shore  fauna,  mostly  undesCTibed, 
in  upper  bed.  Many  forms  from  below.  Anan- 
chjtes  ovatUR,  Lima  Wacoensis,  Ammonites  Swal- 
krrii,  Janira  occidentalism  J.  Texana,  Grypluea 
siniiata,  Maroou ;  Ostrea  Marshll,  Marcou ;  Q.  latch- 
eil  bed  accompanied  by  O.  carinata.  i 


Missing  at  Fort  Worth,  having  been  eroded  away  pre- 
vious to  deposition  of  above  fiToup. 

This  upper  portion  of  the  Texas  Cretaceous  occupies 
a  narrow  area  from  Fort  Washita  to  San  Antonio ;  la 
especially  weU  exx>osed  along  Missouri  Pacific  B.B. 
Nearly  the  entire  series  can  be  found  In  a  short  dia- 
tance  from  the  city  of  Fort  Worth. 


A.  vf^rortinus,  formerly  A.  Texanus. 
annmatus,  Inoceramus. 


Ancyloceras;  Between  Fort  Worth  and  Weatherford,  forming  base 
I    of  high  prairies. 
The  fomiculate  and  naviaie  varieties  of  O.I^tcheri;  Six  miles  west  of  Fort  Worth/sonth  of  Ben  Brook, 

abondant  |    etc 

Ammonites  acutocariniitus,  Siium.,  and  all  of  iBhu-|Top  of  this  g^^  Trinity, 

msrd'a  typical  Comanche  Peak  fauna  in  greater     Fort  Worth.    Highest  summit  Ben  Brook  Station. 

abandance.  | 

^Comanche   Peak"   fauna,    with   Hipparites    Tex- Traces  on  buttes  S.  of  Weatherford;  typical  at  Cb- 

anus ;  Caprina,  Requienia,  etc  '    manche  Peak. 

Orer  fifty  species  have  been  described  which  belong  iWell  displayed  in  vicinity  of  Weatherford^  from  which 

here.    See  Shnmard's  srtion.    The  Orjrphna  bed     point  to  Millsap,  ten  miles  west,  the  remainder  of 

No.  1,  with  O.  Matheroniana,  is  part  |    this  section  is   regularly  exposed  in  desc(>nding 

Culmination  of  Requienia  Texana  ;PanofMea  and  many  ^    series. 

bivalve  casts.  j 

Vertebrate  r^iains  only,  Diiiosauridie,  Cheloiiidie,' Upper  Cross  Timbers,  few  miles  wtwt  of  Weath^ 
j^  to  Mlllsap  Station  ;  Sand  Hills  of  Staked  Plains. 

'  'Millsap  Station. 


)  Proc  Boet^  Soc  Nat  Hist,  vol.  vlii,  '01. 


(4)  Tenth  Census  Rep.  on  Cotton  Production,  '84.  p.  18. 

Dkoembbb  'i».  1886. 


worn  away  entirely.  In  the  section  of  the  State  under  consid- 
eration this  western  edge  forms  an  escarpment,  as  seen  along 
Mountain  Creek,  in  Dallas  County  (6).t 

f  Id  the  region  of  the  State  between  San  Antonio  and  Austin  the  escarpment 
relation  of  the  two  formations  is  reversedf  tlie  Gulf  *  Cretaceous  being  deposited 
there  at  the  foot  of  the  disturbed  Texas. 
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Immediately  underlying  this  Rotten  limestone,  and  chiefly 
exposed  beneath  its  projecting  stratum,  along  the  escarpment 
base,  are  several  hundred  feet  of  barren  argillaceous  shales  (c), 
yellow  above,  and  gradating  into  blue  black  at  the  base,  with 
the  huge  septaria  so  familiar  to  one  who  has  seen  the  Niobrara 
shales  of  the  west.  Where  the  protecting  limestone  has  been 
washed  away,  the  shales  weather  into  a  gently  undulating 
prairie,  with  a  predisposition  to  that  character  locally  known 
as  "hog  wallow."  This  is  the  second  character  of  prairie,  a 
prairie  resulting  from  weathering  of  shales;  it  extends  as 
a  narrow  strip  along  the  western  edge  of  the  Rotten  limestone 
region,  but  fades  out  before  reaching  the  center  of  the  State. 

Continuing  westward  the  next  topographic  feature  is  the 
belt  of  forest  region  known  as  the  *' Lower  Cross  Timbers." 
Geologically  the  area  occupied  by  these  timbers  consists  of  a 
series  of  coarse,  friable,  arenaceous  sandstones,  (d)  alternating 
with  clays,  whose  position  is  beneath  the  shales  and  limestones ; 
and,  like  them,  its  western  projecting  margin  is  constantly 
wearing  away.  The  unique  fauna,  now  being  studied  by  Dr. 
C.  A.  White,  and  the  presence  of  lignites,  indicate  that  the 
sediments  are  those  of  shallow  waters;  they  resemble  the 
basal  groups  of  the  cis-Mississippi  region,*  and,  Dr.  While  be- 
lieves, the  Dakota  sandstones  of  Kansas.  Elsewhere  than  in 
Texas  this  group  would  be  considered  the  base  of  the  Creta- 
ceous ;  but  such  is  not  the  case  here,  for  it  clearly  rests  upon  four 
hundred  feet  of  a  second,  and  lower  series  of  limestone  strata  (e) 
and  one  that  was  greatly  eroded  before  these  sands  were 
deposited.  This  is  the  "Texas"  group  of  the  American 
Cretaceous — the  probability  of  the  existence  of  which  I  pointed 
out  in  a  previous  paper,  and  which  is  now  demonstrated  to  be 
lower  than  any  of  the  hitherto  described  marine  Cretaceous  of 
this  country. 

This  limestone  formation  underlies  the  third  character  of  prai- 
rie, which  extends  parallel  with  and  between  the  two  Cross  Tim- 
bers. The  strata  are  bands  of  varying  thickness  of  yellow-white 
limestones  of  a  peculiar  structure,  alternating  with  calcareous 
clays  and  maris  of  the  same  color.  The  prairie  extends  from 
four  miles  east  of  Fort  Worth  to  seven  miles  west  of  Weather- 
ford.  In  crossing  it  the  strata  from  top  to  bottom  are  succes- 
sively passed.  Its  surface  is  barren  and  rocky,  excepting  iu 
rainy  seasons,  and  slopes  at  a  much  greater  angle  to  the 
southeast  than  the  others  we  have  de^^cribed.  This  was  known 
to  old  travelers  as  the  **  Grand  Prairie,"  a  term  which  is  worthy 
of  preservation.     One  of  the  strata  of  limestone  (c*)  presents  a 

*  This  and  all  strata  above  it  in  Texas  arc  a  continuation  of  the  Alabama, 
Tennessee,  Mississippi  and  Arkansas  Cretaceous  and  Tertiaries,  to  which  I  give 
the  name  of  Gulf  series. 
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maoh  greater  resistance  to  the  constantly  attacking  forces  of 
erosion  than  the  others.  As  a  result  of  this  fact  it  forms  a 
table  land  for  many  miles,  and  is  the  highest  portion  of  the 

Erairie.  The  huge  ammonites'*^  which  are  characteristic  of  this 
orizon,  project  everywhere  through  the  thin  soil.  This  is  the 
third  character  of  prairie,  a  prairie  resulting  from  resistance. 
The  western  edge  of  this  prairie  projects  as  an  escarpment 
above  the  next  topographic  feature  that  we  here  describe.  The 
ragged  edge  is  well  marked,  and  from  it  we  look  down  upon 
the  Upper  Cross  Timbers  to  the  westward.  Sometimes  we  can 
see  the  flat  topped  buttes,f  left  by  the  constantly  receding  line, 
as  remnants  or  the  formation's  former  extent.  These  buttes 
sometimes  appear  like  islands  rising  from  the  depression  occu- 
pied by  the  Cross  Timbers,  but  usually  they  are  situated  on 
the  edge  of  the  adjacent  prairie  region.  They  are  generally 
capped  by  the  same  peculiar  stratum  of  limestone,^  resting 
upon  looser  strata  that  quickly  wash  away  when  the  cap  sue- 
cumba  Sometimes  they  appear  as  mere  hillocks,  representing 
remnants  of  the  buttes  from  which  this  protecting  stratum  has 
been  eroded.  These  buttes  are  the  most  prominent  features  of 
this  area  of  greatest  denudation,  and  are  distributed  over  it 
usually  upon  and  around  the  edge  of  the  Carboniferous  expos- 
ures. From  the  top  of  these  buttes  and  the  edge  of  Grand 
Prairie,  the  Cross  Timbers  look  like  the  waters  of  a  long  and 
narrow  lake  viewed  from  an  adjacent  highland^  and  in  some 
<mses,  the  opposite  shore,  as  in  Comanche  county,  may  be  recog- 
nized. But  the  resemblance  lo  a  lake  is  only  superficial.  It 
is  a  case  of  pseudomorphism,  if  I  may  be  allowed  to  use  that 
expression,  wherein  the  forces  of  sub*aerial  erosion  have  imitated 
those  of  wind  and  wave.  The  essential  features  of  shore  topo* 
graphy  and  lacustrine  sedimentation  are  absent.  The  marks 
of  erosion  are  plainly  evident 

On  descending  the  escarpment  at  the  western  edge  of  the 
Grand  Prairie,  we  reach  the  sandy  soil  of  the  Upper  Cross  Tim- 
bers. A  geologic  section  will  show  that  the  surface  soil  is 
detritus  of  the  underlying  strata  (/  ^),  which  dip  to  the  east, 
under  the  adjacent  limestone  prairie.  This  series  of  sandy 
atrata  varies  in  structure  as  we  descend  them.  The  upper 
strata  abound  in^Dinosaurian  bones  and  teeth,  the  lower  in 
Lepidodendrons  and  Calamitea  They  mark  the  contact  of  the 
basal  Mesozoic  and  the  Carboniferous. 

The  sands  of  the  eastern  half  of  the  Upper  Cross  Timbers  are 
purely  siliceous,  finegrained,  and  utterly  free  from  any  cement- 

♦  A.  vespertinw  Morton,  1834;  A.  Texana  Roemer. 

ICaprina  Limeatooe  of  Shumard  (^). 
Comanche  Peak  Group  of  Shumard  (e*). 
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iDg  matrix.  They  are  so  friable  that  they  quickly  lose  alt 
appearance  of  original  stratification  on  exposure,  and  were  it 
not  for  railroad-cuts  and  well-bprinKS  through  the  overlying 
Cretaceous  limestone,  their  true  stratigraphic  position  would 
still  remain  obscure.  The  pure  white  sands  of  this  8eri^8  can 
be  traced  along  the  eastern  border  of  the  Cross  Timbers  for  over 
a  hundred  miles.  These  sands  constitute  the  receiving  reser- 
voir for  the  artesian  wells  of  Fort  Worth  and  Dallas,  their 
strata  dipping  at  such  an  angle  under  the  Grand  Prairie,  that 
they  are  reached  at  a  depth  of  350  feet  beneath  the  first  named 
place,  and  about  750  at  the  latter.  The  detritus  of  this  stratum 
has  been  distributed  over  most  of  the  Upper  Cross  Timbers,  so 
as  to  obscure  the  exact  contact  of  the  Cretaceous — if  the  Di no- 
saurian  sands  be  Cretaceous — and  the  Carboniferous.  But 
close  inspection  will  reveal  the  underlying  Carboniferous  sanda 
and  conglomerates  in  situ^  accompanied  by  characteristic  fos- 
sila 

West  of  the  Upper  Cross  Timbers  the  Texas  Pacific  road 
traverses   the  Carboniferous  for  a  hundred  mile&     In  places^ 

gatches  of  the  Cretaceous  an*  preserved  upon  it;  in  others,  the 
arboniferous  itself  is  greatly  eroded.  At  a  point  between  the 
07th  and  the  99th  meridians  the  greatest  denudation  has  taken 
place.  West  of  this  the  succession  of  the  strata  is  again  an 
ascending  one.  The  red  beds  of  the  Jura  Trias  are  intercalated 
between  the  Cretaceous  and  the  Carboniferous  on  the  western 
side  of  the  latter  formation.  The  arenaceous  beds  are  again 
exposed  in  places,  especially  at  the  white  sand  hills  of  the 
Llano  Estacado.  Traces  of  the  Laramie  and  fresh-water  Ter-, 
tiaries  may  be  preserved  on  thid  plains,  but  these  are  beyond 
the  province  of  this  paper. 

With  this  somewhat  lengthy  explanation  of  the  relations  of 
the  topography  and  stratigraphy  of  the  region,  I  think  the  char- 
acter of  the  two  Cross  Timbers  will  now  be  apparent.  It  is 
certain  that  they  do  not  represent  lacustrine  basins  or  fluviatile 
channels,  but  are  simply  the  detritds  of  arenaceous  strata  which 
occupy  well-defined  horizons  in  the  geologic  series,  and  which 
have  been  .exposed  by  the  denudation  of  the  overlying  strata. 
The  reason  why  the  timber  confines  itself  to  these  arenaceous 
belts  is  also  evident.  They  afford  a  suitable  matrix  for  the 
penetration  of  the  roots  of  trees,  and  a  constant  reservoir  for 
moisture,  thus  furnishing  two  of  the  greatest  essentials  to  forest 
growth.  The  absence  of  fertilizing  ingredients  in  the  Upper 
Timbers  also  accounts  for  the  exceedingly  scrubby  growth  of 
the  timber,  which  peculiarity,  however,  the  inhabitants  always 
ascribe  to  the  burning  of  the  adjacent  prairies.  The  barrenness 
of  the  prairies,  so  far  as  forest  growth  is  concerned,  is  owing  ta 
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tbe  absence  of  the  requisite  structural  conditions  for  preserva- 
tion of  moisture,  as  well  as  the  excess  of  carbonate  of  lime  in 
tbeir  soils.  The  difference  in  fertility  between  the  sandy  loams 
of  the  Lower  Cross  Timbers  and  the  dirty  sands  of  the  Upper, 
accounts  for  the  varietal  diflFerences  of  their  respective  floras. 
The  flora  of  the  Cross  Timbers  is  by  no  means  confined  to  those 
two  areas,  but  exist  in  smaller  tracts  wherever  the  soil  and  struc- 
ture are  favorable.  In  fact  the  finest  development  of  the  flora 
has  been  observed  in  some  of  these  local  patcnes. 

The  Cross  Timbers  end  so  abruptly  upon  the  maps  to  the 
south  and  north  for  two  reasons.  To  the  south  the  arenaceous 
strata  are  either  covered  by  higher  strata,  or  washed  away 
entirely;  the  northern  termination  is  usually  placed  at  Red 
Eiver,  becauseof  the  absence  of  correct  topographical  knowledge 
concerning  its  extent  in  the  Indian  Territory.  It  is  well  known, 
however,  that  they  extend  into  that  region,  and  it  is  probable 
that  the  two  members  there  merge  into  one — the  surface  becom- 
ing more  fertile,  and  the  rains  more  abundant  and  regular,  so 
that  the  timber's  growth  is  not  necessarily  confined  to  the 
sandy  soils. 

It  is  also  now  evident  that  many  important  differences  in  the 
two  members  of  the  Cross  Timbers  are  seen  in  Texas,  and  that 
they  can  no  longer  be  treated  alike  from  an  agricultural  or 
geologic  standpoint,  the  lower  one  being  far  more  fertile  and 
better  adapted  to  human  habitation  than  xhe  upper,  which  is 
jnostly  an  arid  and  sterile  region. 


SCIENTIFIC    INTELLIGENCE. 

I.     Chemistby  and  PHYSICa 

1.  On  the  Phosphorescence  of  Alumina, — E.  Becquerel  has 
replied  to  de  Boisbaudran  concerning  the  phosphorescence  of 
alumina.  He  had  examined  this  earth  in  1859  and  had  found 
that  the  phosphorescent  light  emitted  by  it  was  red  and  that  it 
gave  a  characteristic  spectrum.  Precipitated  alumina  imperfectly 
calcined  emits  sometimes  a  greenish  light  in  thephosphoroscope; 
but  when  heated  to  1200®  or  1400®,  the  light  it  gives  is  always 
red.  Moreover  the  author  had  observed  the  influence  of  other 
substances  and  especially  of  chromium,  upon  the  intensity  of  the 
light,  rubies  being  more  luminous  than  white  corundum,  though 
tbe  composition  of  the  light  is  the  same.  He  has  now  repeated 
his  experiments,  using  for  the  purpose  substances  furnished  by 
de  Boisbaudran  bimself  and  therefore  identical  with  those  expen- 
mented  upon  by  the  latter.*    Fragments  of  this  alumina,  con- 

*  See  the  February  number  of  this  Journal. 
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fiidered  pure,  were  fixed,  by  mesCns  of  gnm,  upon  a  piece  of  mica, 
placed  in  the  phosphoroscope  and  excited  by  the  light  of  the 
electric  arc.  They  emitted  a  red  light,  which,  however,  was  much 
weaker  than  that  given  out  by  alumina  containing  chromium 
under  the  same  circumstances.  But  after  having  calcined  this 
pure  alumina  for  fifteen  minutes  in  a  porcelain  crucible  in  a  blast 
furnace,  it  became  quite  as  luminous  in  the  phosphoroscope  as  the 
alumina  containing  chromium  and  of  the  same  color.  Hence  he 
concludes  that  the  alumina  upon  which  de  Boisbaudran  operated, 
was  not  sufficiently  calcined.  The  experiment  was  then  repeated 
upon  pure  alumina  prepared  by  himself  by  calcining  pure  am- 
monia alum.  The  light  emitted  was  the  characteristic  red  light 
80  long  ago  studied.  The  addition  of  chromium  then  does  not 
change  the  color  of  the  phosphorescent  light,  but  simply  increases 
its  intensity.  Becquerel  also  calls  attention  to  the  difference  in 
the  luminous  phenomena  according  as  they  are  produced  by  the 
electric  light  in  the  phosphoroscope  or  by  the  electric  discharge 
in  vacuo;  the  former  effects  being  simpler,  but  not  obtainable 
with  all  bodies. —  (J,  i?.,  ciii,  1224,  Dec,  1886.  g.  f.  b. 

2.  On  the  Crimson  Line  of  Phosphorescent  Alumina. — 
Cbookbs  has  presented  to  the  Royal  Society  a  paper  on  the 
color  emitted  by  pure  alumina  when  submitted  to  the  electric  dis- 
charge in  vacuo,  in  answer  to  the  statements  of  de  Boisbaudran. 
In  ]  879  he  had  stated  that  ^^  next  to  the  diamond,  alumina  in  the 
form  of  ruby  is  perhaps  the  most  strikingly  phosphorescent  stone 
I  have  examined..  It  glows  with  a  rich  full  red;  and  a  remark- 
able feature  is  that  it  is  of  little  consequence  what  degree  of  color 
the  earth  or  stone  possesses  naturally,  the  color  of  the  phosphores- 
cence is  nearly  the  same  in  all  cases;  chemically  precipitated 
amorphous  alumina,  rubies  of  a  pale  reddish  yellow  and  gems  of 
the  prized  ^pigeon's  blood'  color  glowing  alike  in  the  vacuum." 
These  results,  as  well  as  the  spectra  obtained,  he  stated  further, 
corroborated  Becquerel's  observations.  In  consequence  of  the 
opposite  results  obtained  by  de  Boisbaudran,  Crookes  has  now 
reexamined  this  question  with  a  view  to  clear  up  the  mystery. 
On  examining  a  specimen  of  alumina  prepared  from  tolerably 
pure  aluminum  sulphate,  shown  by  the  ordinary  tests  to  be  frpe 
from  chromium,  the  bright  crimson  line,  to  which  the  red  phos- 
phorescent light  is  due,  was  brightly  visible  in  its  spectrum.  The 
aluminum  sulphate  was  then,  in  separate  portions,  purified  by 
various  processes  especially  adapted  to  separate  from  it  any 
chromium  that  might  be  present;  the  best  of  these  being  that 
given  by  Wohler,  solution  in  excess  of  potassium  hydrate  and 
precipitation  of  the  alumina  by  a  current  of  chlorine.  The 
alumina  filtered  ofi,  ignited  and  tested  in  a  radiant  matter  tube 
gave  as  good  a  crimson  line  spectrum  as  did  that  from  the  ori- 
ginal sulphate.  A  repetition  of  this  purifying  process  gave  no 
change  in  the  result.  Four  possible  explanations  are  ofered  of 
the  phenomena  observed:  *'(!)  the  crimson  line  is  due  to  alumina, 
but  it  is  capable  of  being  suppressed  by  an  accompanying  earth 
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which  concentrates  toward  one  end  of  the  fractionations ;  (2)  the 
crimson  line  is  not  due  to  alumina,  but  is  due  to  the  presence  of 
an  accompanying  earth  concentrating  toward  the  other  end  bf 
the  fractionations ;  (3)  the  crimson  line  belongs  to  alumina,  but 
its  full  developmoit  requires  certain  precautions  to  be  observed 
in  the  time  ana  intensity  of  ignition,  degree  of  exhaustion,  or  its 
absolute  freedom  from  alkaline  and  other  bodies  carried  down  by 
precipitated  alumina  and  difficult  to  remove  by  washing ;  expen- 
ence  not  having  yet  shown  which  of  these  precautions  are  essen- 
tial to  the  full  development  of  the  crimson  line  and  which  are 
unessential ;  and  (4)  the  earth  alumina  is  a  compound  molecule, 
one  of  its  constituent  molecules  giving  the  crimson  line.  Accord- 
ing to  this  hypothesis  alumina  would  be  analogous  to  yttria." — 
Nature^  xxxv,  310,  Jan.,  1887.  g.  p.  b. 

3.  On  Phosphorus  pentqfluoride. — Moissan  has  continued  his 
researches  on  phosphorus  pentafluoride.     He  finds  that  when  this 

fis  is  submitted  to  the  action  of  the  electric  spark,  employing 
erthelot's  arrangement  of  apparatus,  great  care  being  taken  to 
have  it  absolutely  dry,  there  is  no  decomposition  with  sparks 
which  in  air  do  not  exceed  four  centimeters  in  length ;  thus  con- 
firming the  observation  of  Thorpe.  But  when  sparks  were  em- 
pl(»yed  which  were  15  to  20  centimeters  in  air,  then  the  walls  of 
the  glass  vessel  were  attacked  and  became  dim  and  the  mercury 
lost  its  brilliancy.  After  an  hour,  the  experiment  was  concluded 
and  the  apparatus  allowed  to  cool ;  the  volume  had  diminished. 
On  adding  water,  silica  was  produced,  showing  the  presence  of 
silicium  fluoride.  The  remaining  gas,  in  some  cases  16  per  cent 
of  the  whole,  is  not  absorbed  by  water  and  gives  the  reactions  of 
phosphorus  terfluoride.  It  appears  therefore,  that  under  the  in- 
fluence of  powerful  electric  discharges,  phosphorus  pentafluoride 
is  decomposed  into  the  terfluoride  and  free  fluorine,  the  latter 
attacking  both  the  mercury  and  the  glass.  Heated  in  a  recurved 
bell  jar  to  a  red  heat  in  presence  of  an  excess  of  phosphorus 
vapor,  the  pentafluoride  yields  no  terfluoride.  It  is  not  decom- 
posed by  sulphur  at  440  nor  by  iodine  at  500° ;  but  preserved 
in  glass  vessels,  it  attacks  the  glass  if  a  trace  of  moisture  be  pres- 
ent, forming  silicium  fluoride  and  phosphoryl  fluoride.  The  anal- 
ysis of  the  pentafluoride  was  effected  by  the  author  in  two  ways: 
(1)  a  measured  volume  of  the  gas  was  absorbed  by  an  alkaline 
solution,  the  filtered  solution  precipitated  by  molybdic  acid,  the 
precipitate  filtered  off^  washed,  dissolved,  and  the  phosphoric  acid 
precipitated  as  ammonium-magnesium  phosphate.  (2)  the  alka- 
line solution,  after  absorbing  the  gas,  is  decanted  into  a  capsule, 
and,  with  the  wash  watei-s,  is  evaporated  to  dryness  on  the  water 
bath  with  the  addition  of  a  little  pure  silica.  The  saline  residue 
IS  treated  with  sulphuric  acid  and  evaporated  till  white  fumes  of 
the  acid  appear.  After  cooling,  the  whole  is  diluted,  neutralized 
with  ammonia  and  in  the  filtrate,  the  phosphoric  acid  is  deter- 
mined as  ammonium-magnesium  phosphate. —  C.  i?.,  ciii,  1267, 
Dec,  1886.  G.  F.  B. 
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4.  On  Phogphorus  Tetroxide. — Thorpe  and  Tutton  have 
studied  the  products  obtained  by  the  slow  combustion  of  phos- 
phorus in  dry  air.  If  these  products  are  aspirated  through  glass 
tubes  heated  by  steam,  they  are  free  from  admixed  phosphorus* 
A  quantity  of  these  mixed  oxides  was  transferred  to  a  tube  pre- 
viously filled  with  dry  carbon  dioxide,  the  end  of  the  tube  was 
drawn  out,  attached  to  a  Sprengel  pump,  carefully  exhausted  and 
sealed.  On  heating  it  to  about  290°,  the  white  mass  appeared  to 
change ;  a  considerable  amount  of  the  orange-red  suboxide  was 
seen  to  form,  and  at  some  distance  beyond  was  a  sublimate  of 
clear,  transparent  and  highly  lustrous  crystals,  which  could  be 
heated  to  100°  without  change,  their  edgep  remaining  perfectly 
sharp.  On  heating  to  189°  in  a  sulphuric  acid  bath,  they  volatil- 
ized and  re-condensed  just  above  the  level  of  the  acid.  They 
polarized  light  powerfully  and  are  probably  orthorhombic  in 
form.  The  crystals  are  extremely  deliquescent  and  are  dissolved 
instantly  by  water  with  considerable  evolution  of  heat,  forming 
an  acid  solution.  This  solution  precipitates  silver  nitrate  solu- 
tion, the  white  precipitate  blackening  rapidly.  It  also  reduces 
mercuric  to  mercurous  chloride,  but  decolorizes  permanganate 
only  very  sjowly.  With  magnesia  mixture,  it  gives  at  once  a 
precipitate  of  ammonium-magnesium  phosphate ;  and  the  filtrate 
which  contains  magnesium  chloride  in  excess,  gives,  after  stand- 
ing for  some  time,  an  abundant  precipitate  of  phospho-molybdic 
acid.  Hence  this  solution  contains  both  phosphoric  and  phos- 
phorous acids.  To  i^j,  the  composition  of  the  crystals,  weighed 
quantities  were  allowed  to  deliquesce  in  the  air,  and  the  diluted 
solution  was  evaporated  with  nitric  acid,  the  phosphoric  acid  in 
it  being  determined  as  usual.  In  two  determinations  the  percen- 
taee  of  phosphorus  present,  was  49*09  and  49*46  ;  the  calculated 
value  for  P,0^  bein^  49*20.  Hence  the  authors  think  the  new 
oxide  is  the  tetroxide  corresponding  to  thei  analogous  oxides  of 
nitrogen  and  antimony.  The  molecular  weight  however  is  yet  to 
be  obtained  by  means  of  a  vapor  density  determination. — J. 
Chem,  Soc,  xlix,  833-889,  Dec,  1886.  G.  P.  B. 

6.  On  a  hydrated  tSilicium  phosphcUe, — Hautefbuillk  and 
Mabgottet  have  obtained  a  compound,  having  the  formula 
SiO, ,  (P,0^), .  (HjO),  by  evaporating  a  solution  of  silica  in  phos- 
phoric acid  at  125®.  Globular  spherical  concretions  are  formed 
consisting  of  concentric  zones  of  prismatic  crystals,  which  polar- 
ize light  stronely.  Water  at  the  ordinary  temperature  decom- 
poses the  new  body  into  phosphoric  acid  and  gelatinous  silica. — 
C.  JR.y  civ,  66-67,  Jan.,  1887.  g.  p.  b. 

6.  77ie  Freezing  of  Aerated  Water. — Mr.  Geobge  Man  has 
made  a  number  of  experiments  upon  this  subject  and  thus  sums 
up  the  experimental  results  :  (1)  In  a  thin  ice  coating,  the  upper 
or  surface  half  contains  bai*ely  a  trace  of  eliminated  air,  while  its 
under  or  bottom  half  contained  0*08  cubic  inch  of  air  in  each 
pound  of  ice.  (2)  A  surface  coating  of  ice  1^  inch  thick  con- 
tained 0*15  cubic  inch  of  air  in  each   pound  weight,  while  an 
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entirely  frozen  mass  contained  0*59  cubic  inch  of  air  in  each 
pound  weight.  (3)  The  freezing  of  a  limited  body  of  water 
which  had  first  been  frozen  over  and  the  surface  ice  removed, 
points  still  more  strikingly  to  the  concentration  of  air  in  solution ; 
for  this  contained  0*80  cubic  inch  of  air  in  each  pound  weight, 
compared  with  0*15  cubic  inch  in  surface  ice,  and  059  cubic 
inch  in  an  entirely  frozen  mass. — Nature,  Feb.  3,  1887,  p.  325. 

J.  T. 

7.  Transmission  of  Electricity  of  feeble  tension  by  hot  air, — 
In  1853,  M.  Ed.  Becquerel  discovered  that  gases  of  It  high 
temperature  becamie  conductors  of  electricity  even  of  feeble 
electromotive  force.  M.  Blomdlot  has  confirmed  the  results  of 
Becquerel.  With  an  electromotive  force  of  y^  ^^  ^  Volt,  the 
transfer  of  electricity  took  place  when  the  gas  or  air  attained  the 

•  temperature  of  red  heat.  Ohm's  law  does  not  seem  to  be  fulfilled 
by  this  phenomenon.  Hot  air  has  not  electrical  resistance  properly 
so-called.  The  author  believes  that  the  mechanism  of  the  trans- 
mission of  electricity  in  this  case  is  due  to  what  Faraday  termed 
convection  of  electricity.— 6^(w?/>^e«  JRendus,  No.  5,  Jan.  31, 1887, 
p.  283.  J.  T. 

8.  Aperiodic  Electrometers, — M.  Ledeboer  brings  the  needle 
of  a  quadrant  electrometer  q^uickly  to  rest  by  making  the  quad- 
rants of  steel  highly  magnetized.  The  movement  of  the  needle 
produces  currents  of  induction  and  is  dampened  thereby.  The 
suspension  is  unifilar. — Nature,  Feb.  3,  1887,  p.  331.  j.  t. 

9.  Earth  Currents, — At  a  meeting  of  the  Physical  Society 
held  in  Berlin,  Dec.  3,  1886,  Dr.  Wbinstbin  gave  some  of  the 
results  of  his  observations  on  earth  currents  on  the  telegraph 
lines  of  the  German  Empire.  The  earth's  currents  showed  a 
daily  period  with  eight  fluctuations,  which  did  not  occur  through 
the  whole  year  and  were  not  constant  in  direction.  These  fluctu- 
ations were  least  in  the  morning  between  five  and  seven  o'clock. 
The  earth's  current  showed  an  intimate  relation  to  the  earth's 
magnetism  and  specially  to  the  declination.  The  author  found 
no  relation  between  the  earth's  current  and  the  sun's  rotation, 
and  also  doubted  the  relation  supposed  to  exist  between  the 
earth  current  and  the  earth's  magnetism. — Nature,  Feb.  3,  1887, 
p.  386.  J.  T. 

10.  Photography  by  Phosphorescence, — In  a  recent  number  of 
the  Scientific  American,  Dr.  John  Vansant  gives  an  account  of 
some  experiments  by  him  in  taking  photographs  by  the  light 
radiated  from  a  phosphorescent  surface.  A  piece  of  paper  coated 
with  calcium  sulphiae  and  covered  by  a  plate  in  which  several 
letters  were  cut  out,  was  exposed  to  the  sunlight  for  two  minutes. 
The  light  from  the  phosphorescent  surface  was  sufficiently  strong 
to  make  an  image  of  the  letters  on  a  sheet  of  sensitive  paper, 
developed  in  the  usual  way.  A  similar  experiment  with  a  photo- 
graphic n^ative,  placed  upon  a  sheet  of  glass  covered  with  the 
calcium  sulphide  which  had  been  exposed  to  the  sun  several 
minutes,  gave  on  the  sensitive  paper  a  good  positive  picture  of 
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the  negative ;  this  was  developed  and  fixed  by  the  usual  pro- 
cesses. £ven  when  an  interval  of  a  number  of  hours  had  elapsed 
after  the  exposure,  the  light  from  the  calcium  sulphide  surface 
was  still  intense  enough  to  produce  the  effects  described. 

11.  The  Coefficient  of  Viscosity  of  Air;  by  Herbert  Tomlin- 
SON. — ^In  the  previous  experiments  by  the  author  on  this  subject 
the  coeflScient  of  viscosity  of  air  was  determined  from  observa- ' 
tions  of  the  logarithmic  decrement  of  amplitude  of  a  torsionally 
vibrating  wire,  the  lower  extremity  of  which  was  soldered  to  the 
center  of  a  horizontal  bar.  From  the  bar  were  suspended  verti- 
cally and  at  equal  distances  from  the  wire  a  pair  of  cylinders,  or 
a  pair  of  spheres.  The  distances  of  the  cylinders  or  spheres  from 
the  wire  were  such  that  the  main  part  of  the  loss  of  energy 
resulting  from  the  friction  of  the  air  may  be  characterized  as 
being  due  to  the  pushing  of  the  air.  A  small  part,  however,  of 
the  whole  logarithmic  decrement  was  due  to  the  rotation  of  the 
spheres  or  cylinders  about  their  axes,  and  Professor  Stokes  has 
kindly  added  to  the  paper  a  note  in  which  are  deduced  formula 
which  serve  to  correct  for  this  etfect  of  rotation. 

Acting  on  a  suggestion  of  Professor  Stokes,  the  author  pro- 
ceeded to  determine  the  coefficient  of  viscosity  of  air  by  suspend- 
ing a  hollow  paper  cylinder  about  2  feet  in  length  and  \  foot  in 
diameter,  so  that  its  axis  should  coincide  as  to  its  direction  with 
the  axis  of  rotation.  The  cylinder  was  supported  by  a  light  hol- 
low horizontal  bar,  about  7  inches  in  length,  to  the  center  of 
which  the  vertically  suspended  wire  was  soldered.  The  wire  was 
set  in  torsional  vibration,  and  the  logarithmic  decrement  deter- 
mined with  the  same  precautions  as  before. 

The  mode  of  eliminating  the  effect  of  the  internal  friction  of 
the  metal  wire,,  and  also  the  effect  of  the  air  on  the  ends  of  the 
cylinder,  is  fully  described  in  the  paper. 

The  following  were  the  results : — 


ibratioD-period 

CJoefficient  of  viscosity 

Temperature  in  degrees 

in  seconds. 

of  air,  fi. 

£;entigrade. 

3-6038 

000017708 

12-226 

8-8666 

0-00017783 

13-076 

In  these  experiments  the  loss  of  energy  arising  from  the  friction 
of  the  air  may  be  characterized  as  being  due  to  the  dragging  of 
the  air,  and  it  is  very  remarkable  that  there  should  be  such  close 
agreement  in  the  values  of  fx  as  determined  by  this  and  the  pre- 
vious methods.  The  mean  value  of  the  coefficient  of  viscosity  of 
air  obtained  bv  this  method  is  0*00017746  at  a  temperature  of 
12*660°  C,  and  the  mean  value  deduced  from  the  previous  ex- 
periments when  proper  correction  has  been  made  for  the  rotation 
of  the  spheres  and  cylinders  about  their  axes  is  0*00017711  at  a 
temperature  of  11-79°  C.  The  above  values  of  //  are  given  in  ' 
C.G.S.  units.— iVoc.  Roy,  Soc,  No.  248. 

12.  Note  on  Barns  and  StrouhoTs  paper  on  the  Yiseosity  of 
Steel;  by  W.  F.  Barrett,  Professor  of  Physics,  Royal  College 
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of  Science ;  letter  dated  Dublin,  March  1, 1887.— In  Messrs.  Barus 
and  Strouhal's  paper  on  the  Viscosity  of  Steel,  published  in  the 
January  number  of  your  Journal,  the  authors  refer  (p.  35)  to  the 
various  physical  changes  which  steel  undergoes  at  a  certain  criti- 
cal temperature.  They  do  not  seem  to  be  aware  of  the  investiga- 
tions I  have  published  on  the  "Molecular  changes  that  accom- 
paiiy  the  Magnetization  of  Iron  and  Steef,"  for  they  refer  to 
**Baur"  (Wied.  Ann.,  1880)  the  disappearance  of  the  magnetic 
state  at  the  critical  temperature.  This  fact  they  will  find  noticed 
in  the  report  of  a  lecture  of  mine  at  the  London  Institution  on 
April  23,  1873,  published  in  the  Journal  of  that  institution  in 
July,  1873  ;  it  was  also  mentioned  in  my  papers  in  the  Philo- 
sophical Magazine  for  December,  1873,  and  January,  1874. 
Messrs.  Barus  and  Strouhal  appear  also  to  have  overlooked  the 
curious  "  after-glow"  in  steel  wire,  a  discovery  I  made  in  Septem- 
ber, 1873,  and  published  in  the  Philosophical  Magazine  for 
December  of  that  year.  Perhaps  you  will  allow  me  to  state  the 
main  points  in  that  paper^  which  are  as  follows  :  1.  Mr.  Gore,  in 
1869,  had  discovered  that  a  momentary  elofigation  of  iron 
occurred  in  cooling  after  heating  a  wire  of  that  metal  to  a  white 
heat.  In  1872  I  found  a  similar  but  reverse  action  took  place 
in  heating  the  \^ire.  2.  This  anomalous  deportment  was  found 
both  in  heating  and  cooling  to  coincide  with,  on  the  one  hand  the 
lo88^  and  on  the  other  with  the  resumption  of  the  magnetic  state 
of  iron  or  steel.  3.  At  the  critical  temperature  the  wire,  having 
cooled  down  to  a  duTl  red  heat,  suddenly  flashed  into  a  bright 
glow;  likewise  during  the  heathig  of  the  wire  the  tettiperature 
remains  stationary  for  a  short  time  when  the  critical  temperature 
is  reached  ;  a  rise  in  the  specific  heat  of  wire  and  steel  therefore 
occurs  at  the  critical  temperature.  4.  A  curious  crepitation 
occui^  at  the  critical  temperature,  similar  to  that  heard  in  the 
magnetization  of  iron,  or  in  the  production  of  the  scales  of  oxide 
on  the  wire.  5.  Thermo-electric  inversion  occurs  at  this  same 
temperature.  6.  Hard  iron  wire  and  steel  wire  exhibit  the 
phenomena  but  certain  specimens  of  good  soft  iron  failed  to  show 
It,  and  even  in  the  wires  that  exhibit  it  the  phenomenon  grows  less 
marked  after  repeated  heating  and  cooling  and  finally  disappear. 

To  these  observations  I  may  add  that  a  recent  investigation  on 
the  properties  of  manganese  steel  wire  (Proc.  Royal  Dublin 
Society,  December,  1886)  shows  that  this  body,  which  is  almost  a 
non-magnetic  metal,*  does  not  exhibit  the  anomalous  deport- 
ment observed  in  ordinary  steel  wire.  This  fact  is  of  considerable 
interest  as  linking  the  foregoing  phenomena  more  closely  with 
the  magnetic  state  of  iron  and  steel. 

In  conclusion,  permit  me  to  thank  Messrs.  Barus  and  Strouhal 
for  their  very  carefully  conducted  and  admirably  devised  series 

*  in  the  paper  referred  to  I  have  ehown  that  if  the  magnetic  susceptibility  of 
iron  be  100,000,  that  of  manganese  steel  is  only  300,  about  the  same  as  ferric 
oxide. 
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of  experiments,  and  to  express  a  hope  that  they  will  continue  the 
work  they  have  so  excellently  begun,  stating,  I  hope  in  future, 
somewhat  more  fully  the  conclusions  deduced  from  their  formid- 
able tables  of  experimental  results. 

II.   Geology  and  Mineralogy. 

1.  Eruption  of  Mauna  Loa^  Hawaii^  in  January, — ^The  re- 
cent eruption  of  Mauna  Loa  was  like  that  of  1868  in  beine  pre- 
ceded by  many  earthquakes,  though  much  less  violent,  and  also 
in  having  its  principal  discharge  in  the  Kahuku  region,  Southern 
Hawaii,  and  also  nearly  parallel  in  course,  but  situated  two  to 
four  miles  farther  west  and  starting  eight  to  ten  farther  north. 
The  information  here  given  with  regard  to  it  is  from  copies  of  the 
Pacific  Commercial  Advertiser  and  Hawaian  Gazette  of  Honolulu, 
received  from  the  Surveyor  General,  Mr.  W.  D.  Alexander,  and 
from  a  much  reduced  copy  (photographic)  of  a  large  map  of 
Hawaii  made  by  the  survey  which  has  just  gone  to  the  engraver. 

Mr.  D.  H.  Hitchcock  reports  that  from  early  in  December  last, 
earthquakes  steadily  increased  in  number  and  heaviness,  and 
averaged  three  a  day  by  the  12th  of  January.  In  Kahuku, 
according  to  Mr.  George  Jones,  there  were  314  shocks  between 
2*»  12'  A  M.  of  Jan.  17th  and  4*»  a.  m.  of  the  18th,  67  between  that 
time  and  midnight  and  3  the  following  day,  making  383  in  alL 
Ten  miles  west,  in  Hilea,  the  number  reported  by  Mr.  C.  N". 
Spencer  between  2  ▲.  m.  of  the  16th  and  7  p.  m.  of  the  I8th  is 
618. 

With  the  sudden  increase  in  the  earthquakes  on  the  night  fol- 
lowing the  16th,  there  was  an  outbreak  of  fires  on  the  summit  of 
Mauna  Loa,  three  or  four  miles  northeast  of  the  crater,  near 
Pohaku  o  Hanalei ;  they  disappeared  after  a  few  hours.  Three 
hours  after  the  cessation  of  the  earthquakes  at  Kahuku,  at  7  a.  m., 
on  the  18th,  according  to  Mr.  Jones,  the  outflow  of  lavas  began 
in  Kau,  north  of  Kahuku,  or  was  first  known  to  be  in  progress. 
It  came  from  a  fissure,  the  highest  point  of  which  was  about 
6,600  feet  above  the  sea,  and  about  twenty  miles  from  its  termi- 
nus on  the  sea  coast,  which  it  reached  about  noon  of  the  10th, 
near  Puuhue,  nearly  four  miles  west  of  the  terminus  in  1868. 
Mr.  Spencer,  who  visited  the  point  of  chief  outflow  on  the  20th, 
says  that  there  were  fifteen  fountains  of  molten  lava,  the  highest 
one  rising  to  a  height  by  estimate  of  about  200  feet.  The  stream 
flowed  off^  bearing  bowlders  weighing  tons',  and  with  explosions 
at  intervals  sending  up  columns  of  smoke  sometimes  500  feet 
high.  He  states  that  during  the  first  24  hours  the  rate  of  flow 
was  only  a  mile  and  a  half  an  hour,  and  the  lava  field  made  was 
of  the  a-a  kind,  rough  clinkers ;  but  on  the  20th  the  flow  was 
rapid  and  the  lava  of  the  smooth  kind,  or  pahoehoe.  No  cinders 
or  volcanic  ashes  were  made  along  the  coast  pr  elsewhere.  By 
noon  of  the  24th  the  flow  had  nearly  stopped,  though  the  fires 
were  still  active  along  the  stream  above.     Mr.  £.  S.  loishop,  who 
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was  in  the  region  on  the  2d  of  February,  states  in  a  paper  in 
Science,  of  March  4th,  that  the  area  of  lava  was  mostly  of  the  a-a 
kind,  and  that  the  stream  extended  out  beyond  the  shores  300  to 
500  feet,  adding  much  to  the  island. 

On  the  23d,  earthquakes  began  again  and  continnij^  through 
the  24th.  They  were  heavy  enough  at  Kahuku  to  throw  over 
walls  and  destroy  or  move  some  houses.  Damage  was  done  also 
at  other  places  and  to  some  extent  at  Hilo,  where  a  heavy  shock 
was  felt  near  noon  on  the  23d  and  many  others,  but  lighter,  on 
that  day  and  the  next. 

The  oscillations  at  Hilo  are  stated  to  have  been  from  S.S.E.  to 
N.N.W.  According  to  Mr.  F.  L.  Clarke,  of  the  Government  Sur- 
vey, the  walls  that  fell  in  Kau  had  a  northeast  and  southwest 
direction  and  were  thrown  to  the  southeast,  and  the  houses  (light 
wooden  buildings)  were  moved  8  or  10  inches  in  the  same  direc- 
tion or  down  the  slopes.  Mr.  Severin,  a  photographer,  accom- 
panied Mr.  Clarke  to  the  region  of  the  outflow  and  many  photo- 
graphs were  taken. 

A  **  heavy  cloud  of  smoke,  the  heaviest  ever  seen  there  [by  the 
writer]  was  resting  over  Mauna  Loa  all  day  Sunday  and  Monday, 
Jan.  23d  and  24th  ;''  and  on  the  25th  the  sun  was  scarcely  visible 
on  account  of  the  smoky  atmosphere.  On  the  afteruoon  of  that 
day  a  heavy  storm  of  thunder  and  rain  set  in. 

The  paper  of  the  21st  of  February  has  a  letter  from  Hilo, 
dated  February  17th,  announcing  that  at  8  a.  m.  of  that  day  a 
dense  volume  of  smoke  extended  from  the  summit  crater  eastward 
along  the  ridge  of  the  mountain  six  or  seven  miles  toward 
Eilanea,  apparently  indicating  a  summit  outflow  in  that  direction 
sapplementing  that  in  Kau. 

The  Hawaian  Gazette  of  March  1st  states  that  Mr.  D.  W. 
Hitchcock  was  on  Mauna  Loa,  February  20th,  and  found  vapors 
issuing  from  large  fissures,  nearly  in  a  line  with  those  of  1880,  but 
no  lava  had  reached  the  surface.  Kilauea  has  been  moderately 
active  during  this  period  of  eruption,  rather  increasing  in  activity 
since  it  began,  but  without  any  show  of  special  disturbance  or 
sympathy. 

2.  Volcanic  JBruption  in  Niua-fu^  Friendly  Islands, — Earth- 
quakes began  at  Niua-fu  on  the  8th  of  June  last,  and  occurred  on 
the  11th,  nearly  cotemporaneously  with  the  New  Zealand  erup- 
tion ;  and  the  outbreak  occurred  on  the  31st  of  August,  the  date 
of  the  Charleston  earthquake.  The  eruption  continued  for  ten 
days  and  the  chief  destruction  was  produced  by  the  finer  cinder 
ejections  ;  the  stones  thrown  up  "  fell  straight,  or  nearly  straight, 
back."  Two  preceding  eruptions  occurred  19  and  40  years  ago. 
—From  a  letter  of  Mr.  C.  Trotter,  F.B.G.S.,  in  Nature  of 
Dtc.  9,  p.  12V. 

The  volcanic  line  of  Central  New  Zealand  trends  about  N".  30** 
E.,  and,  if  followed  northward  wiih  a  small  variation  in  direction, 
it  passes  along  the  Kermadec  group  and  that  of  the  Tonga  or 
Friendly  Islands,  the  variation  being  to  N.  22?  E.  in  the  northern 


Am.  Joub.  Soi.-  Thikd  Series.  Vol.  XXXIII,  No.  196.— April,  1887. 
20 


Digitized  by 


Google 


312  Scientific  Intelligence, 

part;  moreover  the  body  of  New  Zealand  ooDforms  in  trend. 
The  groups  of  lAlands  having  this  nearly  common  coarse  are  parts 
of  a  great  mountain  system  of  the  ocean,  and  of  the  one  prom- 
inent system  in  the  Pacific  having  a  north-northeast  direction. 
The  lenglh  is  1,600  miles,  reckoned  from  Central  New  Zealand, 
and  over  2,000  from  iis  southern  end.  The  whole  line  may  be 
viewed  as  having  been,  at  the  beginning  and  since,  the  course  of  a 
series  of  fractures,  outflows  and  uplift,  and  in  an  important  sense, 
a  line  of  common  genetic  action  and  results.  It  is  not  improbable 
therefore  that  sympathy  should  appear  between  distant  parts  of 
the  line,  in  fractures,  earth-shocks  and  outflows. 

The  Friendly  Islands  and  Charleston  are  nearly  100  degrees 
of  longitude  apart,  and  60  degrees  of  latitude;  and  the  approxi- 
mate parallelism  of  trend  in  the  mountain  system  of  Eastern 
America  and  that  of  the  New  Zealand  sysu^m  in  the  Pacific,  is 
hardly  a  suflicient  reason  for  simultaneous  earth-movements,  unless 
the  earth  is  working  as  a  unit  in  its  gepgraphi co-geological  devel- 
opment. J.  D.  D. 

:j.  The  Earthquake  in  Switzerland. — Professor  Forel,  the 
meteorologist,  of  Merges,  on  the  Lake  of  Geneva,  has  just  issued 
a  report  on  the  earthquake  of  February  23.  He  classifies  the 
shocks  under  three  heads — namely,  preparatory  shocks,  strong 
shocks,  and  consecutive  shocks.  It  is  difficult,  m  the  absence  of 
trustworthy  data,  to  indicate  the  precise  locality  of  the  first- 
named,  but  Switzerland  was  undoubtedly  the  region  of  the 
second ;  but  it  was  to  the  third — that  is,  the  consecutive  shocks — 
that  all  the  mischief  was  due.  The  professor  traces  the  course  of 
the  phenomenon  in  Switzerland  over  a  radius  of  at  least  four 
hundred  square  miles.  Its  force  was  greater  in  the  southern 
parts  of  the  co'untry  than  in  the  north,  though  the  shocks  were 
felt  throughout  Geneva,  Berne,  Neuchatel,  Fribourg,  Vaud, 
Valais,  and  Tessin;  and  observations  go  to  prove  that  these 
shocks  traveled  almost  due  north  and  south,  although  the  direo- 
tion  of  the  oscillations  does  not  coincide  with  this  course.  The 
oscillations  in  Switzerland  were  characterized  by  their  number 
and  repetitions.  In  some  localities  they  were  longitudinal ;  that 
is,  running  parallel  to  the  meridian ;  in  others  they  were  trans- 
verse, running  or  flowing  from  east  to  west  The  vertical  move- 
ments were  marked  by  their  feebleness  where  indicated,  but  in 
the  greater  part  of  the  territory  affected  vertical  oscillations  were 
entirely  absent.  One  of  the  peculiarities  of  the  oscillations  gen- 
erally was  the  length  of  duration,  which  is  set  down  as  varying 
from  10  to  30  seconds.  But  the  collected  reports  prove  that  the 
mean  of  these  figures  more  nearly  represents  the  prevailing  dura- 
tion. The  intensity  of  the  shocks  was  greater  in  the  central  and 
southern  areas  of  the  disturbance,  and  it  would  seem  as  if  the 
shocks  only  just  failed  to  attain  the  necessary  strength  which 
would  have  produced  disastrous  effects.  As  it  was,  church  bells 
were  rung,  in  some  places  violently ;  windows  were  rattled,  doors 
thrown  open,  ceilings  slightly  cracked,  and  morsels  of  plaster 
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were  brought  down,  and  here  and  there  stacks  of  wood  were 
thrown  over.  One  of  the  most  striking  features  of  the  phenome- 
Don  was  the  extraordinarily  large  number  of  clocks  tnat  were 
bstantly  stopped,  and  this  fact  has  afforded  the  best  possible 
means  of  determining  with  something  like  perfect  accuracy  the 
time  of  the  shocks,  which  varies  from  three  to  four  minutes  past 
dx  in  the  morning,  Berne  time.  The  large  astronomical  clock  of 
the  Observi^tory  at  Basle  stopped  exactly  at  6h.  4m.  7s.  This, 
taken  as  representing  Berne  time,  corresponds  with  5h.  4dm.  35s. 
of  Paris,  5h.  65m.  43s.  of  Marseilles,  6h.  3m.  2s.  of  Nice,  and  6h. 
24m.  3s.  of  Rome. 

The  consecutive  shocks,  which  were  responsible  for  all  the  loss 
of  life  and  damage  to  property,  were  centralized  in  the  region  of 
the  Riviera.  The  greatest  damage  was  done  by  the  first  two 
shocks,  which  occurred  with  an  interval  of  fifteen  n^tnutes  between 
them.  The  reports  from  the  Swiss  observatories  also  show  that 
a  series  of  feebler  shocks  were  experienced  in  Switzerland  later  on 
in  the  same  day,  and  also  on  several  succeeding  days. — Nature^ 
March  10,  No.  906. 

4.  Earthquakes  of  Andalusia  on  the  25th  of  December ^  1884. 
(Atti  R.  Accad.  d.  Lincei,  iii,  Roma,  1886.) — Messrs.  T.  Taba- 
MELLi  and  G.  Meboalli  have  made  a  thorough  study  of  the 
Andalusian  earthquakes  of  1884,  and  published  a  very  valuable 
memoir  on  the  snbject,  illustrated  by  geological  and  seismic  maps. 
It  is  in  three  parts.  The  first  treating  of  the  orographic  and 
geological  constitution  of  Andalusia  and  the  Province  of  Almeria; 
the  second,  a  relation  of  the  facts  in  order  of  occurrence  and  the 
general  conclusions  from  these  and  those  of  other  earthquakes  in 
Spain;  the  third,  a  review  of  the  facts  with  reference  to  the 
isoseismic  zones,  the  position  and  form  of  the  seismic  vertical  or^ 
epicentrum,  the  velocity  of  propagation,  the  depth  of  the  centre, 
intensity  of  the  shocks,  the  dynamical  effects  as  exemplified  in  the 
condition  of  buildings  ;  also  the  consideration  of  the  subsequent 
shocks  until  January,  1886,  comparisons  with  those  of  other  seis- 
mic areas  of  the  Mediterranean  basin,  the  nature  and  cause  of  the 
Andalusian  earthquakes,  and  relation  to  other  volcanic  centers. 

In  the  second  part,  the  following  important  conclusions  are 
deduced : 

1.  Earthquakes  are  much  more  frequent  in  the  littoral  region 
than  in  the  interior  of  Spain,  and  more  frequent  in  the  southern 
than  in  the  northern. 

2.  The  topographic  and  chronological  distribution  of  the  earth- 
quakes reveals  the  fact  that  the):e  are  several  localized  seismic 
centers  in  Spain,  distinct  and  independent  in  their  movements, 
yet  not  without  reciprocal  influence. 

3.  Considering  the  chronological  distribution  of  the  earthquakes 
in  the  different  Iberian  regions,  the  seismic  activity,  as  regards  its 
more  energetic  manifestations,  is  transferred  from  one  region  to 
another  at  long  intervals  of  time. 

4.  A  fact  very  characteristic  of  the  earthquakes  of  Southern 
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Spain  is  the  great  Dumber  of  minor  shocks  which  usually  follow^ 
and  which  at  times  also  precede  the  maximum  shock  of  each 
seismic  period ;  but  in  these  seiBmic  periods  the  position  of  the 
maximum  shock  of  the  period  with  respect  to  the  others  is  not 
constant.  In  general  the  period  opens  with  the  maximum  shocks 
yet  with  some  preceding  small  shocks;  then  follow  many  minor 
shocks ;  then,  after  a  few  months,  a  second  seismic  period  com- 
mences in  the  same  area  which  begins  with  a  shock  that  is  even 
heavier  than  the  maximum  of  the  first  period  and  is  preceded 
sometimes  also  by  small  shocks. 

5.  Considering  the  chronological  distribution  of  earthquakes  in 
a  given  region,  or  in  the  whole  peninsula,  no  periodical  return  of 
the  maxima  is  made  out,  neither  decennial  nor  of  any  other 
pei-iod ;  but  there  is  a  certain  approximately  secular  return,  bisecu- 
lar  or  trisecular. 

6.  As  regards  the  seasons,  the  greater  number  of  earthquakes 
in  Spain  occur  in  the  autumn  and  winter,  as  compared  with  the 
summer  and  spring. 

The  able  discussion  leads  the  authors  to  the  following  general 
conclusions : 

The  great  earthquake  of  1884  shook  an  area  not  volcanic,  but 
one  that  was  in  line  with  the  perimeter  of  the  Mediterranean 
basin,  with  the  volcanic  and  seismic  zone  of  Southern  Italy, 
Greece,  Asia  Minor,  etc.;  and  should  be  classified  therefore  with 
the  perimetric  earthquakes,  of  so  frequent  occurrence  in  Southern 
Italy.  The  seismic  movement  radiated  from  a  center  of  ellipsoidal 
form,  at  a  depth  of  12  or  13  kilometers,  and  was  thence  propa- 
gated in  the  earth's  crust  according  to  the  fundamental  laws  of 
molecular  movement  in  solids.  The  seismic  wave  was  deviated 
by  refraction,  and  especially  by  reflexion,  in  travereing  rocks  of 
different  density  and  elasticity. 

The  velocity  of  transmission  could  not  be  determined  ;  yet  it 
is  made  evident  that  in  all  directions  the  rate  was  less  than  the 
propagation  of  sound  in  the  earth's  crust. 

The  seismic  wave  was  propagated  most  easily  and  uniformly, 
and  with  relatively  less  destruction,  in  the  compact  crystalline 
rocks  of  the  Archaean  and  Paleozoic.  The  general  direction  of 
the  bedding  favors  transmission  of  the  seismic  movement  propa- 
gated parallel  to  it,  and  is  an  obstacle  to  movement  in  a  transverse 
direction. 

The  seismic  movement  in  passing  from  the  mor%  compact  and 
relatively  elastic  Archaean  and  Paleozoic  rocks  to  a  region  of 
marls,  clays,  travertine  and  the  like  is  transformed  into  move- 
ment of  mass,  producing  more  disastrous  effects  the  less  the  com- 
pactness, continuity  and  homogeneity  of  the  superficial  beds. 

The  intensity  of  the  Andalusian  earthquakes  of  1884  at  the 
center  was  greater  than  that  of  the  Neapolitan  of  1857,  the 
Ischian  of  1883,  etc.;  but  it  reached  the  surface  with  less  energy, 
producing  less  disastrous  effects  in  proportion  to  the  greater  depth 
of  the  center  and  the  greater  width  of  the  shaken  area.     Yet  the 
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disastroas  effects  became  somewhat  increased  in  the  mountainous 
<50untry,  owing  especially  to  the  miserable  construction  of  the 
houses  and  their  sites  on  the  edges  of  crumbling  precipices,  or  on 
steep  declivities. 

The  effects  at  the  surface  consisted  in  the  opening  of  cracks, 
slipping  of  the  surface  material,  especially  the  Tertiaiy  and  Qua- 
ternary, and  in  temporary  and  permanent  changes  of  level  up- 
ward and  downward. 

The  first  shock  was  preceded  and  accompanied  by  low  barome- 
tric pressure  and  followed  by  abundant  rain,  with  lightning  and 
other  atmospheric  electrical  phenomena. 

The  Andalusian  seismic  period,  begun  in  1884,  and  probably  not 
yet  ended,  is  referable  to  the  same  seismic  heat-center  which 
caused  the  disastrous  earthquakes  of  Malaga  in  1581  and  1680, 
for  these  were  wholly  similar  to  the  recent  earthquake  in  area 
and  center  of  movement. 

5.  HolocrystaUine  granitic  structure  in  eruptive  rocks  of  Ter- 
tiary age. — As  is  well  known,  the  a^e-classification  of  massive 
rocks  has,  within  the  last  few  years,  been  largely  invalidated  by 
the  discovery  of  several  localities  where  Tertiary  surface  rocks  of 
the  ordinary  type  pass  gradually  into  coarsely  crystalline,  grani- 
toid varieties  as  they  are  traced  downward.  The  "Nevadite  "  of 
von  Richthofen,  although  shown  by  Hague  and  Iddings  to  con- 
tain some  glassy  base,  is  essentially  a  granitoid  dacite.  The  in- 
vestigations of  Hague  and  Iddings  at  the  Comstock  lode;  of 
Judd  on  the  tertiary  peridotites  and  gabbros  of  the  western  coast 
of  Scotland ;  and  of  Lotti  on  similar  rocks  in  northern  Italy,  con- 
clusively prove  that  the  physical  conditions  under  which  a  rock 
mass  solidifies,  and  not  the  geological  time  of  its  solidification, 
determine  its  structure.  Coarsely  granular  rocks  are  more  abund- 
ant in  earlier  formations  because  their  superficial  equivalents  have 
been  removed  by  erosion,  while  in  the  younger  deposits  there  has 
been  no  time  for  this  and  hence  the  coarser  rocks  are  mostly  still 
deeply  buried.  Only  as  expressing  this  fact,  is  the  age-classifica- 
tion of  massive  rocks  now  to  be  considered  as  useful. 

A  very  important  contribution  has  recently  been  made  to  this 
interesting  subject  by  Professor  Alfred  Stelzner  of  Freiberg,  in 
his  newly  published  volume  on  the  Geology  of  the  Argentine 
Republic.  (Beitrage  zur  Geologic  und  Pal&ontologie  der  Argen- 
tinischen  Republik.  1.  Geologischen  Theil.  4^.  Cassel  und  Ber- 
lin, 1886,  pp.  :J29,  with  a  colored  geological  map  and  three 
sheets  of  profiles.)  This  work  contains  the  results  of  the  scientific 
expeditions  made  in  the  region  of  the  Andes  by  the  author  dur- 
ing his  residence  as  professor  in  the  National  University  at 
Cordova,  between  the  years  1871  and  1874.  It  is  filled  with  val- 
uable observations  relating  to  all  the  geological  formations  en- 
countered and  contains  detailed  petrographical  descriptions  of 
the  massive  rocks.  It  is,  however,  to  the  contents  of  chapters 
xviii  and  xix  (pp.  198-213)  which  relate  to  the  Tertiary  Eruptive 
Rocks  with  a  granitic  habit,  that  it  is  desired  to  call  particular 
attention. 
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In  the  heart  of  the  South  American  Cordilleras,  almost  on  the 
boundary  between  Chilr  and  the  Argentine  Republic,  northeast 
of  Santiago,  the  author  met  four  different  localities  where  typical 
granitic  and  dioritic  rocks  occur  in  the  midst  of  the  prevailing 
andesitic  lavas,  tuffs  and  breccias.  One  of  these  is  in  the  San 
Antonio,  and  three  in  the  Juncal  valley,  which  penetrate  the 
mountains  in  a  northeastward  and  eastward  direction  from  San 
Felipe.  These  localities  were  seen  by  Darwin,  who  described  the 
rock  under  the  name  of  ^^ andesitic  granite^^  in  his  Geological 
Observations  in  South  America.     (London,  1846.) 

Professor  Stelzner  concludes  that  from  a  purely  petrographica) 
standpoint  these  rocks  are  totally  distinct  from  the  andesites,  and 
are  in  no  way  to  be  distinguished  from  the  most  typical  ArchsBan 
granites  and  diorites.  From  a  study  of  their  field  relations,  how- 
ever, he  finds  that  they  are  undoubtedly  the  youngest  rocks  of 
the  region,  breaking  through  and  sending  apophyses  into  the 
andesite  tuffs  and  accompanying  sediments.  To  reconcile  these 
two  facts,  he  assumes  that  they  are  late-Mesozoic  or  Tei-tiary 
eruptive  masses  which  have  slowly  solidified  under  conditioim  of 
hign  pressure  and  temperature,  inasmuch  as  Darwin's  descrip- 
tions of  these  "  andesitic  rocks "  laid  specific  stress  upon  their 
recent  formation,  the  author  proposes  to  reserve  this  term  (Anden- 
gesteine  "  for  granitic  rocks  of  tert  iary  age ;  and  speaks  of  **  An- 
dengranit"  (andesitic  granite),  "  Audensyenit"  (andesitic  sye- 
nite), "  Andendiorit "  (andesitic  diorite),  etc. 

Many  other  descriptions  are  quoted  from  Darwin,  Sttlbel,  E. 
Williams,  Clarence  King  and  Zirkel,  which  indicate  the  occurrence 
of  similar  rocks  at  many  localities  in  the  Cordilleras  of  both 
North  and  South  America. 

In  urging  a  more  careful  examination  of  these  rocks  in  future^ 
Professor  Stelzner  expresses  the  following  opinion,  with  which 
geologists  the  world  over  are  daily  becoming  more  and  more 
willing  to  agree.  "  Sie  (die  Anden  gesteine)  werden  uns,  wie  ich 
meinerseits  glaube,  immer  mehr  und  mehr  erkennen  lassen,  dass 
die  grossere  oder  geringere  Krystallinit&t  eruptiver  Gesteine 
keineswegs,  wie  man  so  lange  una  so  hartn^ckig  behauptet  hat, 
von  der  Alter  der  letzteren  abh^ngig  ist,  sondern  lediglich  vod 
den.  pbysikalischen  Umst&ndep,  unter  denen  die  mineralische 
Differenzirung  und  Erkaltung  der  gluthfltlssigen  Magmen    vor 

Bich  ging."  GEO.    H.    WILLIAMS. 

6.  Meport  for  1886,  Geological  Survey  of  Canada  ;  A.  R.  C. 
Selwyn,  Director. — ^This  volume  contains  reports  of  much  valua- 
ble geological  work.  A  few  facts  are  here  cited.  Mr.  Selwyn 
states,  in  his  review  of  the  work  of  1885,  that  Mr.  Ells  has  been 
investigating  Quebec,  north  of  Vermont,  New  Hampshire  and 
Maine ;  and  besides  mapping  the  Silurian  area,  which  in  part  in- 
cludes metamorphic  rocKs,  has  found,  from  the  intimate  connection 
between  the  altered  Silurian  slates  and  associated  jzranites,  that 
the  granites  are,  "  as  in  New  Brunswick,  probably  Devonian." 

In  the  report  on  New  Brunswick,  by  Mr.  Chalmbbs,  it  is  stated 
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that  the  marine  seashore  beds,  the  Leda  clay  and  the  overlying 
Saxioava  sand,  occur  around  the  Baie  des  Chaleiirs  basin,  having 
a  maximum  thickness  above  the  sea  level  west  of  Bathurst  harbor 
of  125  ta  136  feet  (75-1-60  or  60);  in  the  Restigouche  estuary,  the 
Saxicava  sand  is  160  feet  thick ;  and  in  St.  Ann  Settlement  the  sand 
reaches  an  elevation  of  160  to  176  feet.  In  the  BayofFundy, 
the  same  two  strata  occur  nowhere  above  200  feet;  on  pp.  42, 
48,  GG,  a  list  of  the  fossils  is  given.  Mr.  Chalmers  also  treats  in 
detail  of  the  drift,  and  has  a  long  table  of  directions  of  glacial 
scratches. 

Mr.  Gbobgb  M.  Dawson  has  a  preliminary  report  on  the 
Physical  and  Geological  Features  of  the  Rocky  Mountains  be- 
tween latitudes  49®  and  61®  30'  north  of  the  headwaters  of  the 
Missouri.  The  Rocky  Mountain  region,  or  the  Western  Cordil- 
lera belt,  becomes  narrowed  and  inins  to  the  56th  parallel  with  an 
average  width  of  about  400  miles,  it  comprises  four  parallel 
ranges,  (1)  the  Rocky  Mountains  proper,  (2)  the  Gold  ranges 
(next  west),  (3)  the  Coast  Range,  as  a  continuation  of  the  Cas- 
cade Mountains  of  Oregon  and  Washington  Territory ;  (4)  the 
Island  Range  including  Vancouver  and  the  Queen  Charlotte 
Islands,  outside  of  which  the  ocean  bottom  sinks  rapidly  to 
abyssal  depths.  Between  the  2d  and  3d  of  these  ranges  lies  the 
Interior  Plateau  of  British  Columbia,  averaging  100  miles  in 
width,  and  3500  feet  in  mean  elevation  above  the  sea.  The  Rocky 
Mountains  proper,  about  50  miles  wide,  and  N.N.W.  in  mean 
trend,  have  a  well-defined  valley  on  the  west,  occupied  by  the 
Columbia,  Eootanie  and  other  rivers,  and  known  to  preserve  its 

feneral  direction  and  character  tor  over  600  miles.  The  eastern 
ase  is  about  4360  feet  above  tide  level,  the  valley  on  the  west 
2460  feet.  The  Cretaceous  and  Laramie  rocks,  much  upturned  lor 
a  breadth  of  16  miles,  make  the  eastern  foot  hills.  The  rocks  of 
the  range  are  folded  or  Upturned  and  consist  chiefly  of  Cambrian, 
Devonian  and  Carboniferous  strata;  and  the  folding  in  some 
parts  continues  into  the  Cretaceous  on  the  east.  The  highest 
summits,  the  culminating  region  of  the  Rocky  Mountains,  are 
found  about  the  62d  parallel,  and  between  this  and  the  63d, 
Mount  Brown  and  Mount  Murchison  occur  with  reputed  alti- 
tudes of  16,000  and  13,600  feet.  These-  are  a  few  facts  from 
the  earlier  part  of  Mr.  Dawson's  report. 

Mr.  Ch.  Hoffman  mentions  the  occurrence  at  Aldfield,  Pontiac 
Co.,Quebec,  of  the  mineral  molybdenite  in  large  crystals,  one  of  the 
less  perfect  weighing  very  nearly  2^  pounds,  and  a  very  perfect 
tabular  hexagonal  prism  measuring  five  centimeters  across,  or 
about  two  inches. 

7.  Mineral  Resources  of  the  United  UtateSy  Calendar  year  1886. 
576  pp.  8vo.  Washington,  1886.  —  This  volume,  the  third  of 
the  series,  contains  like  its  predecessors,  a  large  amount  of  valu- 
able and  interesting  information  upon  the  mining  industries  of 
the  United  States.  The  preparation  of  the  volume  has  been  ac- 
complished in  part  by  Mr.  Albert  Williams,  Jr.,  the  former 
editor,  and  in  part  by  Mr.  David  T.  Day.    A  fourth  report  for 
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1886  is  promised  early  in  1887;  the  value  of  the  series  increases 
with  each  additional  volume  because  of  the  opportunity  thus 
oflTered  for  study  and  comparison  together  of  the  facts  presented 
in  the  succeeding  years.  * 

8.  Geological  Collections:  Mineralogy;  by  W.  O.  Crosby,  As- 
sistant. 184  pp.  Boston,  1886. — This  is  a  well  prepared  guide 
to  the  raineralogical  collection  of  the  Boston  Society  of  Natural 
History ;  the  general  chapters  forming  the  introduction  give  it 
something  more  than  a  local  interest  and  value. 

III.   Botany  and  Zoology. 

Botanical  Notks. — Entomophilons  Flowers  in  Arctic  regions. 
In  the  Botanisk  Tidsskrift^  (with  its  French  title  of  JoumcU  de 
Botaniqve)y  published  by  the  Botanical  Society  of  Copenhagen 
(which  Journal  is  now  in  its  sixteenth  volume),  Professor  Warm- 
ing^ has  published  a  series  of  articles  mainly  concerning  the  adap- 
tations of  entomophilous  flowers  in  an  arctic  district  of  scanty 
insect  life.  His  interesting  biological  notes  are  illustrated  by 
figures  interspersed  in  the  letter  press,  and  the  whole  is  happily 
made  available  to  us  by  a  French  rksume  of  the  Danish  text,  a 
most  commendable  feature.  These  papers  comprise  the  results  of 
Dr.  Warming's  observations  in  Greenland  in  the  summer  of  1884 
and  a  comparative  series  in  Arctic  Norway  in  1885.  Greenland 
is  very  poor  in  insects,  especially  of  insects  which  perform  an 
important  part  in  the  fertilization  of  the  entomophilous  blossoms 
of  northern  regions  generally.  Dr.  Wanning  undertook  a  care- 
ful comparative  study  of  these  northern  flowers,  to  learn  whether 
those  in  Greenland  were  identical  in  floral  biology-  with  the  same 
species  in  Europe.  In  many  no  differences  were  found,  but  in 
not  a  few  certain  modifications  were  detected  in  the  Greenland 
flowers  which  rendered  them  more  adapted  to  self-fertilization 
than  those  of  the  same  species  on  the  European  continent,  where 
the  appropriate  visiting  insects  are  more  abundant.  In  answer 
to  the  question  whether  the  attractiveness  of  these  blossoms  for 
insects  remained  unaltered  in  Greenland,  Dr.  Warming  is  able  to 
state  that  with  three  or  four  exceptions,  the  nectar-secretions 
seemed  not  to  be  diminished ;  but  that  the  odors  were  feebler, 
the  size  of  corolla  less,  and  the  colors  not  so  vivid  as  in  the  same 
species  on  the  continent.  As  the  entomophilous  flowers  of  Green- 
land manifest  an  increased  adaptation  to  self-fertilization,  it  might 
have  been  expected  that  the  dioecious  or  polygamous  tendency  of 
some  of  them  would  disappear,  but  it  proved  not  to  be  so.  but 
the  Salices  were  found  to  be  remarkably  fruitful,  and  it  seems 
that  they  had  become  anemophilous. 

Fascicles  98  and  99  of  the  Flora  Brasiliensis  have  appeared. 
In  the  former  Dr.  Schumann  gives  the  Brazilian  Tiliacew  and 
Bombacece.  In  the  other  Professor  Cogniaux  continues  the  elab- 
oration of  the  large  order  Melastornacece, 

In  vol.  vi,  part  3,  of  Hooker's  Icones  Plantarum,  issued  in  Feb- 
ruary, one  North  American  species  is  figured,  Cotyledon  viscida, 
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S.  Watson,  collected  in  Soothern  California  by  the  Rev.  Mr. 
Nevin.  There  is  also  Anemone  Henryiy  of  Oliver,  from  Central 
China,  a  true  Hepaticay  with  round-cordate  leaves  crenate-lobulate, 
but  yellow-flowered.  The  ovaries  are  figured  with  a  terminal 
stigma ;  but  that  is  probablv  not  quite  rignt. 

Sir  Joseph  Hooker  has  edited  and  brought  out  the  fifth  edition 
of  that  most  popular  book,  Bentham's  Handbook  of  the  British 
Flora  (Reeve  &  Co.),  in  the  same  form  as  the  fourth,  but  con- 
densed into  rather  fewer  pages,  the  specific  names  and  characters 
being  brought  into  one  paragraph.  This  condensation  has  en- 
abled the  editor  to  incorporate  a  good  many  notes  and  needful 
alterations,  and  some  few  recently  added  species,  in  all  respects 
following  the  author's  lines.  Botanists  will  be  glad  to  have  this 
characteristic  work  kept  up. 

Professor  Volney  Rattan,  of  the  San  Francisco  High  School  for 
Girls,  has  brought  out  an  Analytical  Key  to  West  (Toast  Botany^ 
*'  containing  descriptions  of  sixteen  liundred  species  of  flowering 
plants,  growing  west  of  the  Sierra  Nevada  and  Cascade  crests, 
from  San  Diego  to  Puget  Sound,''  in  128  pages.  It  should  be 
helpful  to  students. 

Mr.  Thomas  Howell,  of  Arthur,  Oregon,  has  issued  a  Catalogue 
of  the  Known  Plants  of  Oregon^  Washington  and  Idaho^  down 
to  and  including  the  Pteridophytes,  pp.  28,  8vo. 

Dr.  T.  F.  Wood  and  Gerald  McCarthy  have  brought  out  a 
Wilmington  Flora^  a  lAst  of  Plants  grotoing  about  Wilmington^ 
North  Carolina^  ioith  date  of  Flowering,  A  map  of  the  county 
is  annexed.  It  is  publislied  by  the  Elisha  Mitcliell  Scientific 
Society.     The  district  is  of  peculiar  interest. 

The  California  State  Board  of  Forestry  has  issued  its  First 
Biennial  Report,  pp.  252,  with  maps.  There  are  reports  on  the 
forests  of  the  most  southern  counties,  by  the  chairman  of  the 
State  Board,  Mr.  Kinney ;  on  those  of  the  Sierra-district  farther 
north,  by  Mr.  Wagner;  on  the  trees  and  shrubs  of  San  Diego  Co., 
by  C.  R.  Orcutt;  atid  a  detailed  and  important  one  on  the  Red- 
wood, by  the  engineer,  Mr.  Vischer,  with  a  supplement  relating 
to  the  quantity  of  standing  timber  other  than  Redwood. 

Dr.  Arthur,  the  Botanist  to  the  New  York  Agricultural  Experi- 
ment Station,  communicates  his  Report  for  the  year  1885  and  also 
that  of  1887.  In  both  the  pear-blight  is  treated  at  large;  also 
the  rotting  of  tomatoes,  of  cherries  and  plums,  the  plum-leaf  fun- 
gus, the  mildew  of  strawberries,  lettuce,  etc.,  and  several  illustra- 
tions are  given  in  the  letter  press ;  those  of  the  earlier  report  are 
neat  and  well  printed. 

A  small  supplementary  fasciculus  now  completes  the  second 
volume  of  Dr.  Beccaris'  Malesia^  with  very  full  indexes  of  the 
two  volumes,  both  of  names  and  subjects. 

Sympetaleiay  Gray,  Proc.  Am.  Acad.  xii.  161,  is  an  anomalous 
gamopetalous  genus  of  Loasaceas,  of  whicn  Dr.  Streets  collected 
a  solitary  specimen  in  Lower  California  at  Pulpito  Point.  As  it 
was  published  in  the  same  year  with  the  first  volume  of  the 
Genera  Plantarum  (1877),  it  was  not  there  taken  up,  and  conse- 
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quently  does  not  appear  in  that  work.  So  Professor  Baillon  was 
not  aware  of  it  when,  in  Janaary  last,  he  published  the  same 
singular  genus  (in  Bull.  Soc.  Linn.  Paris,  no.  82,  p.  660)  under 
the  name  of  Loaeella,  with  some  interesting  remarks.  He  found 
a  specimen  in  the  Mexican  herbarium  of  M.  Thiebault,  who  col- 
lected it  long  a^o,  at  Guaymas,  which  is  on  the  Mexican  side  of 
the  Gulf  of  California,  almost  opposite  Cape  Pulpito.  The  char- 
acters of  Synipetaleia  anrea  are  exactly  those  of  Baillon's  Loor- 
sella  rupestrisj  except  tbit  the  corolla-lobes  of  the  latter  wire 
thought  to  be  "perhaps  valvate,"  whereas  we  found  them  to  be 
imbricate  in  the  bud. 

Index  to  PlanirNames, — It  is  generally  known  to  botanists  that 
Mr.  Darwin — wishing  to  supply  to  this  generation  an  advantage 
which  he  had  experienced  the  want  of  himself — provided  the  means 
of  preparing  and  publishing,  under  the  superintendence  of  the  Di- 
rector  of  Kew  Gardens,  a  new  and  complete  Index  of  Plianeroga- 
mous  Plant' Names.  The  formidable  task  has  l>een  assigned  to 
Mr.  Day  don- Jackson,  one  of  the  secretaries  of  the  Linnean  Society, 
who  is  particularly  well  versed  in  botanical  bibliography,  and  to 
a  number  of  assistants.  Their  work  was  commenced  five  years 
ago.  The  editor  nowNpublishes,  in  the  Journal  of  Botany,  British 
and  Foreign,  for  March,  the  first  portion  of  a  report  of  progress, 
in  which  tne  plan  adopted  is  to  a  certain  extent  explained.  The 
work  was  at  first  intended  to  be  a  kind  of  new  edition  of  SteudePs 
Nomenclator,  based  systematically  on  Bentham  and  Hooker's 
Genera  Plantarum ;  but  it  was  soon  determined  that  the  dames 
should  be  followed  by  references,  and  that  in  other  respects  it 
would  have  to  be  constructed  upon  original  lines.  We  judge 
that  this  great  undertaking  has  been  most  carefully  planned  as  to 
system  and  details.  Two  or  three  condensed  extracts  from  this 
report  suffice  for  noting  certain  points. 

^^  Our  starting-point,  then,  is  the  publication  of  Linnseus-s  first 
edition  of  the  Systema,  in  1735,  which  he  followed  up  by  the 
Genera,  in  1737.  .  .  .  Where  Linnseiis  ascribes  the  genus  to  an 
earlier  author,  we  say  '  Tourn.  ex  Linn.,'  etc.,  but  do  npt  refer 
directly  to  pre-Linncan  literature."     This  is  welL 

"The  first  edition  of  the  Species  Plantarum  was  issued  in  1753, 
and  that  we  must  regard  as  the  introduction  of  nomina  triviaiia.'*'^ 
So  we  shall  have  the  earlier  Linnean  species  cited  correctly,  and 
not  from  a  later  edition.     The  same,  no  doubt,  of  genera. 

"Robert  Brown  published  a  genus  as  EleochariSy  which  Lesti- 
hedris  altered  to  HeleochariSy  as  more  accordant  with  the  Greek, 
an  alteration  adopted  by  many  subsequent  writers,  who  never- 
theless employ  Beauvois's  OplisnieniiSy  which  is  equally  faulty, 
without  a  sign  of  reprobation."  Whatever  small  emendations 
of  a  name  may  be  allowed,  it  will  never  do  to  change  the  initial 
letter  for  the  sake  of  classicalness. 

"  While  on  the  subject  of  fixity  of  name,  I  would  remark  that 
our  practice  is  to  take  the  name  under  which  anv  given  plant 
is  placed  in  its  true  genus  as  the  name  to  be  kept  up,  even 
though  the  author  may  have  ignored  the  proper  rule  of  retaining 
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the  specific  name  when  transposing  it  from  the  old  genus  to  the 
new,  when  at  least  that  name  is  not  already  in  the  genus  receiv- 
ing the  accession.  Wantonly  to  set  aside  the  joint  name  thus 
given,  and  to  publish  a  new  name  by  joining  the  oldest  specific 
to  the  true  generic,  is  a  mischievous  practice  which  should  never 
be  condoned  ;  it  is  adding  to  the  already  vast  mass  of  useless 
synonyms,  and  is  more  likely  the  offspring  of  vanity  than  of  a 
sincere  desire  to  promote  science."  This  is  putting  the  case  a 
little  more  decidedly  than  Bentham  did,  but  not  too  strongly ; 
for  it  follows  implicitly  from  the  principle  of  the  accepted  rules. 

The  re-paging  of  separate  memoirs  extracted  or  reprinted  from 
serial  or  other  works  is  justly  deprecated;  and  the  American 
Academy  of  Arts  and  Sciences  is  mentioned  as  an  example  to  be 
followed.  This  Academy  absolutely  forbids  all  tampenng  with 
the  original  pagination.  a.  ^. 

2.  Gilded  Chrysalides;  by  Edward  B.  Poitlton,  Esq.  (Roy. 
Inst.  Gt.  Britain.)— Mr.  T.  W.  Wood  in  1867  published  the  obser- 
vation that  certain  pupae  (Pieris  brassicm^  P.  rapaSy  Ae.)  resemble 
in  color  the  surface  on  which  they  are  found.  Although  this 
was  disputed  by  some  naturalists,  it  was  confirmed  by  Mr.  A.  G. 
Butler  and  Prof.  Meldola.  In  1874  Mrs.  M.  K  Barber  published 
some  very  striking  observations  on  the  colors  of  the  pupa  of 
PapUio  nireus  (South  Africa)  confirmation  being  afterwards 
afforded  by  Mr.  Trimen,  from  the  case  of  Papilio  demoleus.  Dr. 
Fritz  Mtlller,  however,  shows  that  Papilio  polydamtis  is  not 
sensitive  to  surrounding  colors.  The  observations  were  ex- 
plained by  supposing  the  moist  skid  of  the  freshly  formed  pupa 
to  be  "  photographically  sensitive  "  to  the  color  of  surrounding 
surfaces  ;  but  Prof.  Meldola  pointed  out  that  there  can  be  no  real 
analogy  with  photography.  Furthermore,  many  pupae  are  formed 
at  night  when  the  surrounding  surfaces  are  dark.  The  present 
investigation  was  undertaken  with  the  belief  that  the  influence 
would  be  found  to  work  upon  the  larva  as  it  rests  upon  some 
colored  surface  before  pupation. 

L  JEjrperiments  upoti  Vanessa  Jo, — This  pupa  appears  in  two 
varieties,  being  commonly  dark  §ray  and  much  more  rarely  yel- 
lowish-green. Six  larvae  placed  m  a  glass  cylinder  covered  with 
green  tissue  paper,  produced  six  green  pupae ;  one  of  these  trans- 
ierred  to  a  olack  surface  while  still  moist  and  fresh,  became  a 
green  pupa  precisely  like  the  others. 

II.  .Experiments  upon  Vanessa  ttrticos, — The  pupae  have  no 
green  form,  but  appear  in  many  shades  of  dark  gray,  the  lighter 
ones  having  golden  spots  on  them,  while  the  extreme  forms  are 
almost  covered  with  the  golden  appearance.  These  latter  are 
very  rarely  seen  in  nature,  except  when  the  pupa  is  diseased. 
Over  700  pupae  were  obtained  in  the  following  experiments  : — 

(1.)  Effects  of  Colors, —  GVeenand  orange  surroundings  caused 
no  effect  on  the  pupal  colors ;  black  produced,  as  a  rule,  dark 
pupae;  white  produced  light  pupae,  many  of  them  being  brilliantly 
golden.     This  last  result  suggested  the  use  of  giU  surroundings. 
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which  were  foand  to  he  more  efficient  than  white,  and  produced 
pnpsB  with  a  color  which  even  more  resembled  gold. 

(2.)  Mutual  Proximity. — ^The  larvse  bein^  dark,  it  was  found 
that  when  many  of  them  became  pnpse  on  a  hmited  (white  or  gilt) 
area,  the  pupse  were  darker  than  when  they  had  been  more  iso- 
lated. The  colors  of  each  were  in  fact  affected  by  that  part  of 
the  sarronndings  made  up  by  the  black  skins  of  its  neighbors. 

(3.)  Illumination,  —  Black  surroundings  produced  rather 
stronger  effects  in  darkness  than  in  light,  but  the  pupsB  were 
dark  m  both  cases. 

(4.)  Time  of  Susceptibility. — The  mature  larvaB,  after  ceasing 
'  to  feed,  wander  (stage  i)  until  they  find  a  surface  on  which  to 
pupate ;  they  then  rest  upon  it  (stage  ii),  and  finally  hang,  head 
downward,  suspended  by  their  last  pair  of  claspers  (stage  iii),  in 
"which  position  pupation  takes  place.  Stage  i  is  variable  in 
lenc^th,  stage  ii  may  be  estimated  at  15  hours  (but  it  is  also 
variable),  while  stage  iii  is  fairly  constant,  and  lasts  about  18 
hours;  while  the  whole  period  is  commonly  about  36  hours  in 
length.  The  larvae  are  probably  affected  by  surrounding  colors 
for  about  20  hours,  before  the  last  12  hours  of  the  whole  period, 
and  in  this  lime  the  pupal  colors  are  determined.  These  facts 
were  discovered  by  a  very  large  number  of  experiments,  in  which 
larvae  were  placed  in  surroundings  of  one  color,  and  then  after  a 
variable  time  were  transferred  to  another  color  producing  an 
opposite  effect.  It  was  thus  found  that  stage  ii  is  more  sensitive 
than  stage  iii,  although  there  is  some  susceptibility  during  the 
latter  stage. 

(5.)   The  Part  of  the  LarvoB  which  is  Sensitive  to  Color. 

{a)  The  Ocelli. — The  most  obvious  suggestion  was  that  the 
larval  eyes  (or  ocelli,  six  on  each  side  oi  the  head)  saw  the  col- 
ors, and  being  influenced,  transmitted  an  impulse  to  the  nervous 
centres  which  regulate  the  formation  of  the  pupal  colors.  When, 
however,  these  organs  were  covered  with  black  varnish,  the  pupss 
resembled  surrounding  surfaces  to  the  same  extent  as  when  they 
were  produced  from  normal  larvae. 

{0)  The  Complex  Branching  Spines. — It  seemed  possible  that 
these  structures  might  contain  some  organ  which  was  influenced 
by  the  color,  but  after  cutting  them  off,  the  larvae  remained  nor- 
mally sensitive. 

(y)  The  General  Surface  of  the  Skin. — This  was  tested  by 
coriflicting  color  experiments.  It  had  been  previously  shown 
that  the  larvae  were  sensitive  during  stage  iii,  and  therefore  they 
were  covered  in  this  stage  with  compartmented  tubes,  so  con- 
structed that  the  head  and  anterior  part  of  the  body  hung  in  the 
lower  chamber  of  one  color,  while  the  posterior  part  of  the  body 
was  in  the  upper  chamber  in  another  color.  In  another  method, 
the  larvae  were  hung  upon  a  vertical  surface,  while  the  head  and 
front  part  of  the  body  passed  through  a  hole  in  a  shelf,  the  verti- 
cal surface  above  the  shelf,  and  the  upper  side  of  the  shelf  itself 
being  one  color,  while  the  vertical  surface  below  the  shelf  and 
the  lower  side  of  the  shelf  were  of  the  color  tending  to  produce 
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the  most  opposite  effects.  The  result  of  all  these  experiments  was 
to  show  that  the  color  inflaence  does  act  on  some  element  of  the 
larval  skin,  and  that  the  larger  the  area  of  skin  exposed  to  any 
one  color  the  more  does  the  pupa  follow  its  influence.  Parti- 
colored pupsB  were  not  obtained,  thus  probably  pointing  toward 
the  action  of  the  nervous  system  rather  than  toward  the  direct 
action  of  light  on  or  through  the  skin  itself. 

(6.)  The  Nature  of  the  effects  produced, — ^The  coloring  mat- 
ter of  the  dark  pupae  is  contained  in  a  thin  superficial  layer  of  the 
cuticle;  below  this  is  a  thicker  layer  divided  into  exceedingly 
delicate  lamellsB  between  which  fluids  are  present,  and  the  latter 
form  the  thin  plates  which,  by  causing  interference  of  light,  pro- 
duce the  brilliant  metallic  appearance.  The  thinner  upper  layer 
being  dark,  acts  as  a  screen  in  the  dark  pupse.  Precisely  the 
same  metallic  appearances  are  caused  by  the  films  of  air  between 
the  thin  plates  of  glass  which  are  formed  on  the  surface  of  bottles 
long  exposed  to  earth  and  moisture.  Both  have  the  same  spec- 
troscopic characters  and  the  same  transmitted  colors  (com pie* 
mentary  to  those  seen  by  reflection).  The  brilliancy  of  the  cuticle 
can  be  preserved  in  spirit  for  any  length  of  time ;  it  disappears 
on  drying,  but  can  be  renewed  on  wetting  (this  had  been  pre- 
viously known),  and  the  colors  are  seen  to  change  during  the 
process  of  drying,  and  when  the  cuticle  is  pressed,  for  the  Alms 
are  thus  made  thinner.  The  same  lamellatea  layer  exists  in  non- 
metallic  pupaB,  and  is  used  as  a  reflector  for  transparent  coloring 
matter  contained  in  its  outer  lamellae.  Thus  the  structure  which 
rendered  possible  the  brilliant  effects  due  to  interference,  probably 
existed  long  before  these  special  effects  were  obtained,  and  was 
used  for  a  different  purpose. 

(7.)  The  Biological  Value  of  the  Gilded  Appearance. — It  is 
probable  that  the  gilded  pupae  of  Yanessidae  resemble  glittering 
minerals  such  as  mica  (which  is  very  common  in  many  places)  ; 
their  shape  is  very  angular,  and  like  that  of  minerals:  conversely 
the  gray  pupae  resemble  gray  and  weathered  rock-surfaces,  and  the 
two  conditions  of  rock  would  themselves  act  as  a  stimulus  for  the 
production  of  pupae  ol  corresponding  color.  The  power  was 
probably  gained  in  some  dry  hot  country,  where  mineral  surfaces 
do  not  weather  quickly.  Once  formed  it  may  be  used  for  other 
purposes,  and  in  certain  species  is  probably  a  warning  to  the 
enemies  that  the  insect  is  inedible.  It  is  interesting  to  note  how 
the  Vanessidae,  primarily  colored  so  as  to  resemble  mineral  sur- 
roundings, are  modified  for  pupation  on  plants.  Thus  Vanessa 
lo  has  a  green  form  which  is  produced  among  leaves ;  F!  atalanta 
has  no  green  form,  and  spins  together  the  leaves  for  concealment, 
but  both  these  species  commonly  pupate  freely  exposed  on  mineral 
surfaces ;  V,  urticce  has  neither  the  green  form  nor  the  habit,  and 
it  has  a  strong  disinclination  to  pupate  on  its  food  plant,  as  many 
observations  concurred  in  proving. 

III.  Experiments  upon  Vanessa  atalanta. — This  species  was 
also  made  brilliantly  golden  or  dark-colored  by  the  use  of  appro- 
priate surroundings  in  the  larval  condition. 
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IV.  JEm^erimenta  upon  Papilio  machdon, — This  species,  like  P. 
polydamus  (Fritz  Mdller)  has  no  power  of  being  influenced  by 
surrounding  colors.  A  brown  pupa  was  obtained  on  the  foodf- 
plant,  and  many  green  ones  upon  brown  twigs,  i&c.  It  is  proba- 
ble that  less  healthy  and  smaller  larvse  often  produce  the  brown 
form,  just  as  diseased  Vanessa  larvse  produce  gilded  pupsB. 

V.  HeperimenU  upon  Pieria  brassicoB  and  P.  rapce, 
(1.)  Effects  of  Colors. — Black  produced  dark  pupse,  and  the 

freater  the  illumination  the  darker  the  pupse  (P.  rapce)^  this  result 
eing  the  reverse  of  that  obtained  with  V,  urticce;  white  produced 
light  pupse,  and  the  greater  the  illumination  the  lighter  the  pupse 
(P.  rap(B)\  dark  red  (P.  brassicce)  produced  dark  pupse;  ckep 
orangey  in  both  species,  produced  very  light  pupse  of  a  green  col- 
or ;•  pale  yellow  and  yellowish-green  produced  rather  darker  pupse 
than  the  orange ;  bluish-green  produced  much  darker  pupse,  while 
dark  blue  produced  still  darker  pupse  (P.  rapoe  only).  Hence 
there  is  a  remarkable  and  sudden  tall,  followed  by  a  slow  and 
gradual  rise  in  the  amount  of  pigment  formed  as  the  light  from 
various  parts  of  the  spectrum  from  red  to  blue  predominates  in 
the  reflected  rays  which  fall  on  the  larval  surface.  But  their 
eflects  on  the  formation  of  superficially  placed  dark  pigment  are 
accompanied  by  changes  aflecting  the  formation  of  greens  and 
yellows,  ifec,  in  the  deeper  subcuticular  tissues.  Hence  the  re- 
sults of  any  given  stimulus  are  exceedingly  complicated. 

(2.)  Other  Mcperiments. — It  was  shown  by  the  method  de- 
scribed above  that  the  ocelli  are  not  sensitive  in  this  species,  and 
by  similar  transference  experiments  it  was  proved  that  the  in- 
fluence acts  on  the  larva  and  not  on  the  pupa  itself. 

VI.  Mxperiments  upon  Ephyra  penaularia, — In  this  genus  of 
moths  the  exposed  pupse  are  often  green  and  brown  in  different 
individuals,  but  these  colors  follow  the  corresponding  tints  of 
the  larvse,  and  therefore  cannot  be  influenced  unless  the  latter 
themselves  were  changed,  and  such  susceptibility  in  the  larval 
state  has  not  been  proved  for  this  genus.  This  is  the  only  known 
instance  of  a  constant  relation  between  the  larval  and  pupal 
colors. 

VII.  Experiments  upon  the  Cocoon  of  Saturnia  carpinL — It 
was  found  that  the  larvse  spin  dark  cocoons  in  black  surroundings, 
but  white  ones  in  lighter  surroundings. 

IV.  Astronomy  and  Mathematics. 

1.  The  form  of  the  area  in  the  heavens  from  which  the  Meteors 
of  Nov,  27,  1886,  appeared  to  radiate, — Mr.  Rantabd  in  the 
Monthly  Notices  of  the  R.  Ast.  Soc.  has  discussed  the  evidence 
from  observations  by  himself.  Captain  Tupman,  Professor  Young, 
M.  Perrotin,  and  M.  Thallon  concluding  that  "  there  therefore 
appears  to  be  some  very  definite  evidence  that  the  paths  of  these 
meteors  did  radiate  from  an  elongated  area  with  its  axis  north 
and  south."  Mr.  Ranyard  further  says,  "  in  order  to  account  for 
the  elliptic  area,  on  the  assumption  that  the  deflection  from  the 
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original  path  takes  place  within  the  earth'd  atmosphere,  it  is 
necessary  to  find  some  caase  which  would  account  for  the  deflec- 
tion being  greater  in  one  plane  than  in  the  direction  at  right 
angles  to  it.  This  would  be  the  case  if  there  were  some  arrange- 
ment of  the  particles  in  space  which  caused  them  to  set  them- 
selves with  theif  longer  axes  north  and  south.  1  would  suggest 
that  if  the  particles  are  magnetic  they  would,  on  coming  up  to 
the  earth,  tend  to  arrange  themselves  with  their  longer  axes 
parallel  to  the  earth's  magnetic  axis." 

2.  The  Boyden  lund.—Bj  the  will  of  the  late  Ubiah  A.  Boy- 
den,  property,  the  present  value  of  which  exceeds  two  hundred 
and  thirty  thousand  dollars,  was  left  in  trust  for  the  purpose  of 
astronomical  research  *^  at  such  an  elevation  as  to  be  free,  so  far 
as  practicable,  from  the  impediments  to  accurate  observations 
which  occur  in  the  observatories  now  existing,  owing  to  atmos- 
pheric influences.'' 

The  Trustees  of  this  fund  have  transferred  the  property  to  the 
President  and  Fellows  of  Harvard  College,  in  order  that  the 
researches  proposed  by  Mr.  Boyden  may  be  directed  at  the 
Harvard  College  Observatory.  These  researches  will  be  sup- 
ported by  a  portion  of  the  means  of  the  Observatory,  in  addition 
to  the  trust  fund  itself.  Professor  Pickering  has  issued  a  circular 
requesting  information  with  regard  to  the  altitude,  accessibility, 
and  climate  of  various  mountainous  regions  which  might  natu- 
rally be  selected  as  suitable  places  for  the  proposed  observations. 

A  location  in  the  southern  hemisphere  will  be  preferable  for 
various  reasons.  The  southern  stars  invisible  in  Europe  and  the 
United  States  have  been  less  observed  than  the  northern  stars, 
and  by  the  aid  of  a  southern  station  the  investigations  undertaken 
at  Cambridge  can  be  extended  upon  a  uniform  system  to  all  parts 
of  the  sky. 

3.  A  Treatise  on  Algebra  ;  by  Professors  Olfveb,  Wait  and 
Jones,  of  Cornell  University. — This  work  was  undertaken  as  a 
text  book,  and  was  developed,  as  the  authors  inform  us  in  the 
preface,  with  the  wants  of  their  classes  ever  before  them.  But  it 
grew  beyond  a  manual ;  it  is  a  treatise.  It  departs  from  the  tra- 
ditional forms  of  development  of  algebra  in  the  arrangement  of 
the  subject,  in  the  notations  employed,  in  the  forms  of  demonstra- 
tion, and  by  introducing  at  an  early  stage  the  extensions  of  mean- 
ing of  terms  and  processes  required  in  higher  algebra. 

Experience  in  the  class-room  will  show  whether  selections  from 
this  original  and  thoughtful  work  can  be  successfully  used  in 
elementary  teaching.  But  the  advanced  student  and  the  teacher 
will  surely  find  in  it  an  abundance  of  helpful  ideas  and  methods. 
There  is  one  serious  deficiency,  it  has  no  alphabetic  index. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Scientific  Writings  of  Joseph  Henry.  Vols,  i  and  ii,  pp. 
528  and  669  large  8vo.  Washington,  1886.  Published  by  the 
Smithsonian  Institution. — The  contributions  to  science  by  Profet- 
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8or  Henry,  extending  as  they  did  over  more  than  half  a  century, 
played  so  important  a  part  in  the  development  of  science  in  this 
country  that  it  is  well,  alike  for  the  reputation  of  their  author  as 
for  the  interests  of  t*he  worker  of  to-day  in  the  same  fields,  that 
they  should  be  collected  and  given  to  the  world  in  convenient 
form.  This  is  especially  true  in  view  of  the  fact  that  the  original 
papers  ^ere  much  scattered  and  many  of  them  are  now  hardly 
accessible/  The  collection  is  pablished  by  the  Institution  of  which 
he  was  Director  for  more  than  thirty  years,  and  to  which  he  devoted 
a  large  part  of  his  life's  energies.  The  first  volume  contains  the 
greater  part  of  the  papers  on  physical  subjects,  extending  from 
1824  to  1855,  with  also  the  acoustical  researches  of  1874  to  1877. 
The  second  volume  is  largely  occupied  with  the  more  popular 
Meteorological  Essays,  with  also  papers  on  some  other  kindred 
subjects ;  the  volume  closes  with  the  addresses  to  the  National 
Academy  of  Sciences  in  April,  1878.  The  life  of  Professor  Henry 
was  conspicuously  active  and  productive,  and  his  original  con- 
tributions to  Physical  Science,  particularly  in  the  branch  of  elec- 
tro-magnetism, have  given  him  a  place  he  will  always  hold  in  the 
foremost  rank  of  American  workers. 

2.  The  American  Naturalist — The  American  Naturalist  will 
be  in  future  published  by  the  house  of  J.  B.  Lippincott  &  Co.  of 
Philadelphia,  under  a  slight  change  of  editorial  management. 
Dr.  Packard  retires,  and  Dr.  J.  S.  Kingsley  becomes  with  Profes- 
sor Cope  assistant  editor-in-chief.  The  remainder  of  the  editorial 
corps  continues  as  before,  excepting  the  addition  of  Professor.  J. 
H.  Comstock  of  Cornell  University,  who  will  have  charge  of  the 
Entomological  Department.  As  stated  on  its  title-page  it  is  ^'  A 
Monthly  Journal  devoted  to  the  Natural  Sciences  in  their  widest 
sense,"  and,  we  add,  value  to  all  intejested  in  its  departments. 

3.  Van  NoatrancPa  Science  Series. — Recent  issues  of  this  series 
are  No.  90,  Analysis  of  Rotary  Motion  as  applied  to  the  Gyro- 
scope by  Major  J.  G.  Barnard,  a  reprint  of  the  well-known  paper 
first  published  in  1858  in  the  Journal  of  Education.  Also,  No. 
91,  Leveling,  barometric,  trigonometric  and  spirit  by  Ira  O.  Baker; 
this  gives  a  clear  and  simple  statement  of  the  methods  applied 
to  the  determination  of  altitudes. 

OBITUABY, 

John  Arthuu  Phillips,  F.R.S. — Mr,  Phillips,  the  distinguished 
author  of  works  on  Ores,  Mining  and  Metallurgy  and  of  papers 
on  petrography,  died  on  the  5th  of  January,  in  his  60th  year. 
He  was  enijaged,  at  the  time  of  his  death,  on  a  new  edition  of  his 
work  on  "  Metallurgy,"  in  conjunction  with  Mr.  Banerman.  In 
connection  with  his  study  of  gold  deposits  he  visited  the  gold 
regions  of  California  in  1861  when  he  made  observations  of  much 
interest  on  the  formation  of  veins.  "  Nature,"  of  January  13th, 
closes  a  notice  of  Mr.  Phillips  with  the  words  :  "  He  was  a  large- 
hearted  and  open-handed  man,  fond  of  taking  every  chance  that 
came  in  his  way  of  doing  a  good  deed  and  helping,  any  one  to 
whom  his  help  could  be  of  service." 
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APPENDIX. 


Abticle  XXXV. — Afnerican  Jurassic  Mammals;  by  Pro- 
fessor O.  C.  Marsh.    (With  Plates  VII,  VIII,  IX,  and  X.) 

In  previous  numbers  of  this  Journal,  the  writer  has 
announced  the  discovery  of  Jurassic  Mammals  in  this  country, 
and  has  given  brief  descriptions  of  the  more  important  forms 
brought  to  light.*  Since  the  last  article  on  this  subject,  a 
large  amotmt  of  new  material  has  been  secured,  including  rep- 
resentatives of  several  hundred  individuals.  The  remains  con- 
sist not  of  lower*  jaws  alone,  but  of  various  portions  of  the 
skull,  and  not  a  few  vertebree,  limb  bones,  and  other  parts  of 
the  skeleton. 

These  fossils,  although  fragmentary,  are  usually  well-pre- 
served, but  owing  to  the  pecuUar  conditions  under  which  they 
were  entombed,  no  two  bones  of  the  skeleton  are  as  a  rule 
found  together.  This  fact,  taken  in  connection  with  the  very 
diminutive  size  of  the  animals  themselves,  and  especially  with 
the  present  brittle  nature  of  the  teeth  and  jaws,  has  rendered 
their  investigation  a  work  of  great  difficulty.  The  importance 
of  the  subject,  however,  and  the  fact  that  all  the  known  re- 
mains of  mammals  from  the  Jurassic  of  this  country  are  in  the 
collection  made  by  the  writer,  have  led  to  a  careful  study  of  the 
whole  material,  and  the  results  will  be  brought  together  in  a 
Memoir  now  in  preparation  for  the  United  States  Geological 
Survey. 

Some  of  the  results  of  this  investigation,  and  notices  of 
several  new  forms  recently  discovered,  are  given  below  in  the 
present  article. 

*  This  Journal,  vol.  xv,  p.  459,  1878;  vol.  xviii,  pp.  60,  215,  and  H96,  1879  ; 
vol.  zx,  p.  235,  1880;  and  vol.  zxi,  p.  511,  1881.  See,  also.  Proceedings  British 
ABSodtttion,  Montreal  Meeting,  p.  734,  1884. 
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In  connection  with  this  work,  the  writer  has  also  examined 
the  more  important  specimens  from  the  Jurassic  of  Europe, 
and,  likewise,  the  few  specimens  known  from  the  Trias,  in 
both  Europe  and  this  country. 

The  American  Jurassic  Mammals  hitherto  found  are  all 
from  essentially  the  same  geological  horizon,  in  the  Atlanto- 
saurus  beds,  of  the  Upper  Jurassic.  The  principal  locality  is 
in  Wyoming,  on  the  western  slope  of  the  Rocln^  Mountains, 
and  remains  of  two  or  three  hundred  individuals  have  been 
obtained  at  this  place  alone.  At  other  points  in  the  same  re- 
gion, a  few  remains  have  been  found.  A  second  locality  of 
importance  is  in  Colorado,  about  three  hundred  miles  south  of 
the  most  northern  known  limit  of  these  remains. 

The  other  vertebrate  fossils  from  this  horizon  are  mainly 
dinosaurs,  many  of  them  of  gigantic  size,  but  some  scarcely 
larger  than  the  mammals.  Crocodiles,  turtles,  small  lizards, 
and  fishes,  are  also  well  represented.  A  single  bird  {Loop- 
teryx\  and  one  small  pterodactyl,  have  likewise  been  recog- 
nized from  these  deposits.  More  recently,  various  bones  of 
small,  anourous  ampnibians  {Eohat/rachus  aailis)  have  been 
found,  the  first  detected  in  any  Mesozoic  K)rmation.*  The 
deposits  are  lacustrine,  as  shown  by  the  fresh-water  shells  they 
contain. 

In  investigating  these  American  Jurassic  Mammals,  it  was 
necessary  to  compare  them,  first  of  all,  with  those  from  the 
same  formation  in  Europe.  On  this  subject,  the  elaborate 
memoir  of  Owen,  on  British  Mesozoic  Mammals,  was  taken  as 
the  jnain  authority,  f 

The  first  specimens  discovered  in  this  country  proved  to  be 
very  near  allies  of  Euro{)ean  forms,  and  most  of  those  since 
found  show  a  remarkable  resemblance  to  others  described  by 
Owen.  Some  fragmentary  specimens  cannot  indeed  be  dis- 
tinguished from  the  English  fossils,  but  where  the  remains  are 
more  complete,  various  differences  are  seen,  which  appear  to 
be  distinctive.  A  few,  well-marked,  American  genera  nave  no 
known  representatives  in  Europe,  while  some  forms  found 
there  are  unknown  here. 

One  difficulty  in  the  investigation  of  the  remains  from  the 
two  widely-separated  regions  arises  from  the  necessity  of  rely- 
ing mainly  upon  figures  for  comparison.  Again,  these  minute, 
delicate  fossils  are  often  embedded  in  a  matrix  from  which 
they  cannot  be  removed  without  great  danger  of  injury  or 
destruction.  Hence,  the  iaws  and  teeth  in  many  cases  must 
be  examined  and  described  from  the  single  side  exposed.     If 

*  Prooeedings  British  Association,  Aberdeen  Meeting,  p.  1033,  1886. 
f  Monog^ph  of  the  Fossil  Mammalia  of  the  Mesozoic  Formations.    Palieonto- 
graphical  Society,  yol.  xxiv,  London,  1871. 


Digitized  by 


Google 


O.  C.  Marsh — American  Jurassic  Mammals.        829 

the  opposite  side  of  a  similar  jaw  should  be  shown  in  another 
specimen,  the  two  may  easily  be  regarded  as  distinct  This 
may  also  be  the  case  where  upper  and  lower  jaws  are  found 
separately.  Henqe,  a  large  amount  of  material  becomes  neces- 
sary for  ev^en  a  proximate  correlation  of  the  closely  related 
forms. 

Plagiauk^dce, 

One  of  the  first  American  specimens  discovered  resembled 
fitronffly  the  minute  lower  jaws  first  described  by  Falconer,  un- 
der tne  name  Plagiatdax,  and  since  investigated  by  Owen, 
Flower,  and  others,  whose  discussion  of  the  habits  and  aflinities 
of  these  peculiar  mammals  forms  a  well-known  chapter  in  the 
history  of  palsBontology.  Of  this  genus,  only  the  lower  jaws 
were  Known,  and  this  is  one  reason  for  the  wide  divergence 
of  opinion  as  to  the  nature  of  the  animals  they  represent.  The 
lower  jaws  found  in  America  were  regarded  by  the  writer  as 
indicating  a  distinct  ^enus,  Ctenacodon^  two  species  of  which 
he  has  since  described* 

Among  the  separate  upper  jaws  found  in  the  Jurassic  of 
England  were  two  or  three  described  by  Owen,  under  the 
generic  name  Bolodon^  but  with  no  suspicion  that  they  were 
m  any  way  related  to  Plxigia/ulax,  From  American  deposits, 
also,  somewhat  similar  jaws  were  obtained  more  recently,  and 
as  they  were  apparently  quite  distinct  from  Bolodon^  they  were 
described  by  tne  writer  as  representing  a  iiew  genus,  Auodon, 
The  molar  teeth  in  one  specimen  resembled  those  of  Plagi- 
aidaaCy  and  the  writer  in  his  description  expressed  the  opinion 
that  AUodon  should  probably  be  placed  in  the  PlagiauLaddm. 
A  natural  inference  was  that  Bolodon  was  the  upper  jaw  of 
PUufia/ulaoij  and  AUodon^  of  Otenacodon.  However  this  may 
be  in  regard  to  the  European  forms,  the  specimens  now  known 
make  it  clear  that  the  American  genera  are  quite  distinct. 

The  molar  teeth  of  AUodon  and  Gtenacodon  are  of  the  same 
general  type,  and  it  is  still  difficult,  if  not  impossible,  to  distin- 
guish them  when  detached  from  the  jaws.  The  premolars, 
however,  and  especially  the  incisors,  diflfer  in  the  two  genera, 
and  when  well  preserved  may  often  be  separated  with  certainty. 

ALLODOtf. 

In  AUodxyii^  the  superior  dentition  on  each  side  appears  to 
be  as  follows : 

Incisors  3 ;  canine  0 ;  premolars  5  ;  molars  2. 

The  lower  dentition  is  uncertain,  but  is  probably  the  follow- 
ing : 

Incisors  1  ;  canine  0 ;  premolars  4  ;  molars  2. 
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The  upper  molar  series  in  the  type  specimen  of  AUodon  is 
well  shown  in  Plate  VII,  figures  1  and  2.  The  five  premolars 
have  tuberculate  crowns,  and  all  appear  to  be  inserted  by  two 
fangs.  The  first  and  second  have  each  ona  external,  and  two 
internal  cones.  The  third  premolar  has  a  small  additional  cusp. 
These  three  prenjolars  dimmish  in  size  from  before  backward. 
The  next  premolar,  or  fourth,  is  much  larger,  and  has  its  crown 
flattened  on  the  inner  side.  There  are  three  tuberdes  on  the 
outer  border,  and  four,  on  the  inner  margin.  The  fifth  in  the 
series  is  still  larger,  and  has  a  more  rounded  crown.  There  are 
three  lobes  on  the  outer  side,  and  the  same  number  on  the 
interior  f  aca 

The  two  true  molars  have  low  crowns,  which  are  divided 
into  an  outer  and  inner  half,  by  a  deep-worn  groove.  Each 
half  bears  three  low  tubercles,  of  nearly  equal  size.  The 
last  molar  has  its  longitudinal  groove  on  a  line  with  the  inner 
margin  of  the  other  teeth. 

The  superior  incisors  of  this  genus*  now  known  are  repre- 
sented in  the  detached  premaxillary  of  AUodon  fortiSj  Plate 
VII,  figures  7-10.  The  first  incisor  was  very  small  The 
second  was  the  main  front  tooth,  much  larger  than  the  third. 
In  the  type  specimen  of  AUodon^  represented  in  Plate  VII, 
figures  1  and  2,  no  suture  is  visible  behind  the  first  small  tooth 
(a),  hence,  this  may  possibly  be  a  weak  canine  instead  of  the 
third  incisor.  In  AUodon  fortis^  figure  7,  and  also  in  the  type 
of  Bolodon^  Owen,  the  suture  between  the  premaxillary  and 
maxillary  is  distinct. 

The  large  second  incisor  of  AUodon  is  a  peculiar  tooth,  and 
was  evidently  exposed  to  the  full  wearing  action  of  a  strong 
lower  incisor,  somewhat  similar  to  that  of  a  rodent  This  lower 
tooth  has  not  been  found  in  place,  but  the  one  represented  in 
Plate  VII,  figures  14  and  15,  mav,  with  considerable  probability, 
be  referred  to  this  position.  The  remaining  lower  teeth  have 
not  been  found  associated  with  the  upper  jaws,  but  they  evi- 
dently resembled  those  of  Gtenacodonj  in  some  of  their  most 
important  characters. 

In  comparing  AUodon  with  Bolodon^  we  evidently  have  two 
nearly  related  ferms.  So  far  as  at  present  known,  AUodon  has 
three  incisors  instead  of  two,  a  larger  number  of  teeth  in  the 
premolar  and  molar  series,  and  likewise  shows  other  diflferences 
of  less  importance. 

The  affinities  of  these  peculiar  fossils,  and  the  inferences  in 
regard  to  their  habits  ana  food,  which  may  be  drawn  from  the 
specimens  now  known,  will  be  fully  discussed  by  the  writer 
elsewhere. 


Digitized  by 


Google 


O,  C.  Ma/rsh — Ameriocm  Jv/rassic  Mcrnimals.         381 

AUodon /ortis,  sp.  nov. 

The  present  species  appears  to  be  generically  identical  with 
the  type  specimen  of  AUodon  laticeps,  but  is  represented  by  re- 
mains of  much  larger  size.  The  premaxillary  shown  on  rlate 
YII,  iigures  7-10,  may  be  taken  as  the  type  specimen.  A  num- 
ber of  upper  molar  teeth,  and  the  large  lower  incisor  (figures 
14  and  15,  of  the  same  Plate),  are  also  referred  to  this  species. 

The  first  incisor  in  this  premaxillary  was  very  small,  and  sit- 
uated close  to  the  median  lina  It  is  wanting  in  the  present 
apecimen,  but  its  size  and  position  are  indicated  in  the  above 
figures.  The  second  incisor  is  large  and  promineut,  and  is  the 
principal  front  tooth.  It  has  a  distinct  crown,  which  is  covered 
with  enamel,  and  consists  of  one  large  main  cusp,  with  a  small 
posterior  cone.  The  lower  surface  is  much  worn,  evidently  by 
an  opposing  lower  tooth  which  bore  directly  against  it,  from 
its  apex  to  the  small  posterior  prominence.  Tne  sides  of  the 
crowns  show  no  signs  of  wear.  The  third  and  last  incisor  is 
much  smaller,  and  is  separated  from  the  second  by  a  short 
diastema.  It  has  a  distinct  crown  covered  with  enamel,  but 
shows  no  marks  of  attrition.  It  is  situated  a  little  in  advance 
of  the  suture  with  the  maxillary,  shown  in.  figure  7,  «,  Plate 

A  second  specimen  referred  to  this  species  is  shown  in  figures 
11-13,  Plate  VII.  It  is  a  portion  of  a  left  upper  jaw  con- 
taining three  premolars,  apparently  the  first,  second,  and  third. 
The  nrst  two  of  these  have  a  single  external  cone,  and  two 
inner  cones,  and  the  second  tooth  is  larger  than  the  first  The 
third  premolar  is  still  larger,  unlike  the  corresponding  tooth  in 
AUoaon  laticeps^  and  has  a  second  exterior  cone  behind  the 
main  one.  Above  this  tooth,  there  is  a  large  cavity,  appar- 
ently the  entrance  of  the  antorbital  foramen.  This  is  shown 
in  figure  11,/,  Plate  VII. 

The  large  lower  incisor  which  met  the  prominent  one  above 
is  probably  represented  in  figures  14  and  15.  This  tooth  is 
faced  with  enamel  in  front,  and  grew  from  a  persistent  pulp, 
like  the  incisor  of  a  rodent.  The  summit  is  mcomplete,  and 
hence,  the  shape  of  the  worn  surface  cannot  be  determined. 

The  specimens  here  described  indicate  that  AUodon  fortis 
was  the  largest  mammal  of  this  group  hitherto  discovered  in 
the  Jurassic.  In  bulk,  it  was  three  or  four  times  as  large  as 
AUodon  laticepSj  and  about  the  size  of  a  rat. 

The  only  known  remains  of  this  species  are  from  the 
Atlantosaurus  beds  of  the  Upper  Jurassic,  in  Wyoming. 
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Ctbnacodon. 

The  genus  Ctenacodon  was  based  upon  lower  iaws,  one  of 
which  IS  represented  in  Plate  VIII,  n^nre  1,  and  others,  in 
figures  4,  7,  and  8.  The  single,  long,  pointed  incisor,  the  four, 
compressed,  cutting  premolars,  and  the  two,  minute,  tubercular 
molars,  form  together  a  peculiar  dentition.  The  long,  sharp  in- 
cisor shows  no  signs  of  wear  whatever,  and  hence  could  not  be 
opposed  to  the  large  upper  incisor  of  AUodon,  Its  position 
was  close  to  its  fellow,  and  the  two  evidently  acted  together,  as 
indicated  in  figure  9,  Plate  VIII.  The  four  premolars  form  a 
close-set  series,  with  their  upper  margins  on  a  curve,  all  more  or 
less  notched.  Some  specimens,  at  least,  show  distinct  marks  of 
wear  on  the  outer  sides  of  the  crowns,  which  are  sometimes 
worn  to  a  uniform  surface.  The  two  small  tuberculate  molars 
are  of  the  Microlestea  type,  with  a  deep  longitudinal  groove  on 
the  upper  surface  of  the  crowns. 

The  entire  upper  dentition  of  Ctenacodon  is  not  known  with 
certainty,  but  it  probably  corresponded  in  its  main  features  to 
that  of  AUodon,  A  portion  of  the  upper  jaw,  with  typical  pre- 
molars, is  shown  in  Plate  VIII,  figures  2  and  8.  The  posterior 
premolars,  especially  the  last  two,  show  strong  marks  of  attri- 
tion on  the  inner  siaes  of  the  crowns,  and  these  were  opposed 
to  the  compressed  premolars  below,  forming  together  a  most 
eJBFective  apparatus  for  cutting. 

Some  of  the  lower  jaws  at  present  referred  to  Ctenacodon 
apparently  show  no  signs  of  wear  on  the  premolars,  and  as  the 
large  incisor  is  not  preserved,  it  is  impossible  to  say  definitely 
that  they  may  not  pertain  to  AUodon.  It  is  likewise  quite 
probable  that  some  of  the  lower  jaws  considered  as  Plamaulxut 
may  belong  with  some  of  the  specimens  now  known  as  nolodon. 
The  exact  correlation  of  the  two  forms  cannot  be  determined 
with  certainty  until  the  upper  and  lower  jaws  are  found  together 
in  position. 

Cten/icodon  may  be  distinguished  from  the  type  of  Plagiau- 
lax  {P,  BecMesii)  in  having  four  premolars  instead  of  three. 
The  summits  of  these,  teeth  alone  are  notched,  and  the  sides 
smooth,  not  obliquely  grooved  as  in  Plagiaulax.  The  condyle, 
moreover,  is  separated  from  the  angle  of  the  jaw,  not  confluent 
with  it.  Gtenaxiodon^  also,  has  the  angle  of  the  jaw  not  only 
strongly  inflected,  but  its  outer  margin  efflected  into  a  wide 
horizontal  shelf,  making  this  one  of  the  most  peculiar  features 
of  the  genus. 

The  vertical  posterior  condyle  in  Ctenacodon  implies  a  strong 
post-glenoid  process,  that  would  confine  the  jaw  to  a  vertical 
motion. 
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In  Ctenacodon^  the  mental  foramen  is  large,  and  situated 
below  the  middle  of  the  diastema.  The  dental  forajnen  is 
under  the  last  molar,  but  its  entrance  is  partially  concealed  by 
a  ridge  descending  from  the  base  of  the  tooth  to  the  inflected 
border  of  the  angle. 

In  none  of  the  specimens  of  Ctenacodon  preserved  is  there 
any  trace  of  a  mylohyoid  groove. 

Ctenacodon  potensy  sp.  nov. 

A  third  species  of  Ctenacodon,  much  larger  than  C.  serrahtSj 
is  represented  by  several  jaws  and  isolated  teeth,  discovered 
since  the  first  species  was  described.  The  most  important  of 
these  specimens,  which  may  be  taken  as  the  type,  is  the  right 
upper  law  represented  in  Plate  VIII,  figures  2  and  3.  The 
lower  ]aw  witn  incisor,  figured  on  the  same  Plate,  may  also  be 
referred  to  this  species.  A  second  lower  jaw  in  better  preser- 
vation, but  without  the  incisor,  may  likewise  be  included, 
although  somewhat  larger  in  size. 

The  upper  jaw  above  mentioned  agrees  in  its  general  shape 
with  that  of  AlZodon.  It  indicates  a  short,  broad  skull,  with 
strong,  expanded,  zygomatic  arches.  There  is  a  small  antorbital 
foramen,  as  in  AUodon,  The  four  premolars  present  increase 
in  size  from  before  backward.  The  first  and  second  are  of  the 
AUodon  type.  The  last  two  have  strong  marks  of  attrition  on 
the  inner  surface  of  their  crowns,  as  shown  in  figure  2,  of  the 
same  Plate.  They  differ  from  the  corresponding  teeth  in 
AUodon,  in  being  more  compressed,  and  adapted  to  cutting.* 
There  were  apparently  two  true  molars,  which  are  wanting  in 
the  present  specimen,  but  their  position  and  size  are  similar  to 
those  of  the  same  teeth  in  AUodon, 

The  left  lower  jaw  represented  in  figures  7,  8,  and  9  shows 
that  the  incisor  in  this  species  was  very  large  in  size,  and  a 
most  effective  weapon.  It  grew  from  a  persistent  pulp,  and 
its  massive  base  extended  back  under  the  fourth  premolar. 
The  crown  is  oval  in  outline  at  the  margin  of  the  jaw,  some- 
what more  compressed  above,  and  sharply  pointed  at  the 
apex.  There  is  a  shallow  groove  on  the  outer  surface  of  the 
lower  half  of  the  crown,  and  a  corresponding  depression  along 
the  middle  of  its  inner  face.  A  careful  examination  shows  no 
si^s  of  wear  on  any  part  of  the  crown. 

The  premolars  are  separated  from  the  incisor  by  a  long  dias- 
tema. The  first  premolar  is  small,  without  serrations,  and  is 
placed  close  to  the  second.  The  latter  is  larger,  inserted  by 
two  fangs,  and  has  the  summit  faintly  notched.  The  thira 
premolar  was  still  larger,  but  is  so  much  fractured   in  the 

*  A  somewhat  similar  tooth  of  Microlestes  is  figured  by  Owen  in  Mesozoic 
Mammals,  Plate  I,  fig.  16. 
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Present  specimen  that  its  form  and  dimensions  are  uncertain, 
'he  fourth  premolar  is  very  large,  notched  at  the  summit,  and 
with  its  outer  face  showing  distinct  marks  of  wear. 

The  first  true  molar  is  small,  and  its  crown  much  inclined 
backward.  The  second  true  molar  is  wanting,  but  its  alveoli 
show  that  it  was  also  small,  and  placed  below  the  first  molar. 

In  this  species,  the  series  of  four  lower  premolars  is  placed 
on  a  curve,  and  acts  as  a  single  cutting  blade  against  the  com- 
pressed upper  premolars.  This  curve  is  completed  behind  by 
the  two  molars,  which  have  their  crowns  inclined  outward. 

The  second  and  larger  lower  jaw  referred  to  this  species 
gives  some  additional  characters.  The  third  and  fourtn  pre- 
molars show  distinct  traces  of  wear  on  their  outer  surfaces. 
The  first  true  molar  is  placed  obliquely,  as  in  the  previous 
specimen,  and  has  been  subjected  to  much  attrition.  The  last 
true  molar  was  situated  lower  than  the  first,  and  was  also 
oblique.  In  Oienacodon  serrai/m^  the  two  lower  molars  are 
nearly  on  a  level.  The  present  specimen  shows  that  the  angle 
of  the  jaw  was  strongly  infiected,  and  there  was  likewise  a 
ridge  on  the  opposite  outer  margin.  The  coronoid  process  had 
its  front  border  more  nearly  perpendicular  than  in  Ctenacodon 
serratus.     There  is  no  trace  of  a  mylohyoid  groove. 

The  known  specimens  of  this  species  are  from  the  Upper 
Jurassic  deposits  of  Wyoming. 

Dryolestidce, 

The  first  American  mammal  found  in  the  Jurassic,  and  a 
large  proportion  of  those  since  discovered,  belong  to  a  peculiar 
family  which  the  writer  has  called  the  Dryolestidw,  It  in- 
cludes several  genera  and  numerous  species  from  this  country, 
and  is  likewise  represented  among  the  forms  found  in  Europe. 

The  type  species  of  the  group,  DryoUstes  jpriscu%^  was  based 
updn  a  characteristic  lower  jaw,  although  the  specimen  was 
imperfect.  A  nearly  complete  lower  jaw  of  the  species  is  rep- 
resented on  Plate  IX,  figure  2.  An  allied  species,  Dryolestes 
vorax^  is  shown  on  the  same  Plate,  by  figures  3  and  4.  Stylo- 
codon^  Asthenodon,  and  La^don^  other  genera  of  this  family, 
are  likewise  represented  on  the  same  Plate. 

The  upper  iaws  of  several  genera  of  this  family  are  now 
known  with  tolerable  certainty,  and  these  will  be  ngured  and 
described  fully  in  the  Memoir  now  in  preparation. 

All  the  genera  of  this  family  have  more  than  the  typical 
number  of  teeth  (44),  and  the  general  characters  of  the  inferior 
dentition  are  well  shown  in  Plate  IX.  The  lower  teeth  form 
a  close-set  series,  without  diastemas,  or  marked  interspaces. 

There  are  three,  or  four,  incisors,  and  in  those  preserved,  each 
has  a  distinct  crown,  and  the  series  diminishes  in  size  from  in 
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front  backward.  The  canine  is  inserted  by  two  fangs,  more  or 
less  distinct,  and  in  most  forms,  its  crown  is  prominent  and 
trenchant.  Three  or  four  premolars  follow,  increasing  in  size 
backward,  with  the  last  usually  very  prominent,  and  m  some 
forms,  larger  than  the  canine.  These  premolars  all  have  two 
roots,  and  a  compressed  crown.  Xll  have  one  main  cusp,  and 
a  Bmall  posterior  neel.  There  is  usually  a  small  anterior  cusp, 
especially  on  the  posterior  teeth. 

The  molar  teeth  are  from  six  to  eight  in  nuinber,  and  are 
essentially  identical  in  form,  and  usually  distinct  from  the  pre- 
molars. The  crown  consists  of  one  main  external  cone,  ni^h 
and  pointed,  and  three  internal  cusps,  which  vary  much  m 
development  in  the  different  genera.  Seen  from  the  outside, 
these  teeth  appear  to  be  inserted  by  a  single  fang,  but,  in  most 
cases,  each  has  two  roots,  although  these  are  nearly  or  quite 
connate.  When  the  jaw  is  embedded  in  the  matrix,  and  the 
diminutive  teeth  uncovered  as  far  as  safety  will  permit,  the 
features  of  one  side  only  of  the  molars  can  be  determined. 
Thus  in  figure  1,  Plate  lA,  the  outer  exposed  side  of  one  lower 
jaw  {Stylacodon)  is  shown,  while  in  figure  2,  the  inner  side  of 
another  jaw  {Dryolestes)  is  represented.  In  figures  3  and  4, 
the  two  sides  of  the' same  jaw  are  placed  together,  and  the 
main  characters  of  the  lower  molar  teeth  of  Dryolestes  are  thus 
made  evident 

There  are  seven  superior  molars,  and  these  have  one  main 
inner  cone,  and  three  outside  cusps  that  vary  in  size  and  pro- 
portions in  the  different  genera. 

Dbyoj-estes  AiTD  Stylacodon. 

The  two  genera  most  nearly  allied  in  dentition  are  Dryolestes 
and  Stylacodon^  typical  examples  of  which  are  shown  on  Plate 
IX.  The  number  of  lower  teeth  in  the  best  preserved  speci- 
mens appears  to  be  the  same  in  each,  while  the  incisors,  canine, 
and  four  premolars,  show  no  marked  differences.  In  Dryo- 
lestes^ the  eight  molars  which  follow  are  all  of  one  type,  and 
differ  but  little  except  in  size.  All  have  the  inner  middle  cone 
of  the  crown  as  high  as,  or  higher  than  the  outer  main  cone.  In 
Stylacodon^  the  first  two  of  these  teeth  resemble  the  anterior 

Sremolars  in  shape,  and  like   them   show  from  the  outside 
ouble  fangs.     The  main  external  cone  is  quite  as  high  as  the 
opposite  cusp. 

In  Dryolestes^  moreover,  the  lower  jaw  is  comparatively 
short  andf  massive,  deep  below  the  molar  teeth,  with  its  lower 
margin  strongly  convex.  The  condyle  in  the  best  preserved 
specimen  is  concave  transversely,  and  has  its  lower  margin 
nearly  on  a  line  with  the  summits  of  the  molar  teeth. 
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In  Stylacodon,  the  lower  jaw  is  long  and  slender,  and  con- 
stricted in  front  of  the  coronoid  process,  which  slopes  well  up- 
ward and  backward.  The  condyle  is  convex  transversely,  and 
placed  considerably  above  the  line  of  the  teeth.  The  jaw  is 
shallow  below  the  molars,  scarcely  exceeding  the  height  of  the 
teeth  themselves,  while  the  lower  border  in  tnis  region  is  nearly 
straight  These  differences  may  be  readily  seen  in  the  two 
specimens  shown  on  Plate  IX,  figures  1  and  2.  The  mylohy- 
oid groove  is  well  developed  in  both  genera,  and  its  position  is 
essentially  the  same  in  each. 

In  DryolesteSy  the  mental  foramen  is  below  the  first  pre- 
molar. The  dental  foramen  is  beneath  the  front  margin  of  the 
coronoid  process,  and  at  this  aperture,  the  mylohyoid  groove 
begins. 

ASTHENODON. 

The  genus  AHhenodon,  the  type  species  of  which  is  de- 
scribed below,  agrees  with  the  above  genera  in  the  more  im- 
portant characters  of  the  lower  dentition,  but  differs,  in  having 
the  entire  series  of  teeth  much  more  uniform  in  size,  and  but 
eleven  teeth  behind  the  canine.  The  type  of  this  species  is 
the  lower  jaw  shown  in  Plate  IX,  figure  7.  A  second  speci- 
men referred  to  this  species  is  the  anterior  part  of  another  jaw, 
shown  in  figure  6.  The  former  jaw  shows  a  weak  canine  (a), 
followed  bv  three  premolars,  each  with  two  fangs.  Behind 
these,  in  place  of  the  large,  trenchant  premolar  seen  in  Dryo- 
lestes  and  Siylacodon^  is  a  small  tooth,  which  from  its  shape 
may  be  regarded  as  the  first  molar.  The  remaining  teeth  agree 
in  their  more  important  characters  with  the  corresponding 
molars  of  Dryolestes.  The  second  specimen,  figure  6,  shows  a 
similar  weak  canine,  and,  in  front  of  it,  the  four  incisors  in 

f)lace,  increasing  rapidly  in  size  forward,  the  front  one  being 
arger  than  the  canine. 

Aathenodon  seynis,  gen,  et  sp.  nov. 

In  the  genus  Asthenodon^  the  inferior  dentition  on  each  side 
is  as  follows : 

Incisors  4 ;  canine  1 ;  premolars  3 ;  molars  8. 

The  largest  tooth  in  the  entire  lower  series  is  the  first  incisor, 
Plate  IX,  figure  6,  i.  The  remaining  incisors  decrease  in  size 
backward,  as  shown  in  the  same  figure,  2,  3,  and  4.  The  canine 
(a)  is  small  and  weak,  and  its  crown  resembles  that  of  the 
incisors.  It  is  implanted  by  two  roots,  which  are  nearly  con 
nate.  The  three  premolars  behind  the  canine  have  each  two 
fangs,  and  increase  in  size  from  first  to  last,  as  shown  in  figure 
7,  of  the  same  Plate.    The  following  seven  teeth,  judging  from 
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the  shape,  are  molars,  and  behind  them  is  the  alveole  of  one 
more.  These  molars  agree  in  general  form  with  those  of  Dryo- 
lestes.  The  form  of  the  lower  jaw  also  is  similar  in  the  two 
genera.     The  upper  jaw  of  this  genns  is  not  known. 

The  specimens  representing  this  species  indicate  an  animal 
about  the  size  of  a  weasel.  They  are  from  the  Atlantosaurus 
beds  of  Wyoming  Territory. 

Laodok. 

A  fourth  ^nus,  Laodon^  while  agreeing  in  the  general  type 
of  lower  molar  teeth  with  the  above  forms,  differs  widely  from 
them  in  other  respects.  The  molars  in  this  genus  have  the  outer 
main  cone  high  and  pointed,  as  in  the  above  genera,  but  the 
inner  opposite  cusp  is  greatly  reduced  in  size,  as  shown  in  the 
type  specimen  represented  in  Plate  IX,  figure  5.  There  ap- 
pear to  have  been  eight  molar  teeth,  six  of  which  are  well  pre- 
served. In  front  of  these,  are  two  premolars  of  nearly  equal 
size,  and  between  these  and  the  canine,  there  were  apparently 
three  more,  each  with  two  fangs,  making  thirteen  teeth  in  the 

! premolar  and  molar  series.  The  canine  had  two  roots,  and  the 
ast  incisor  was  placed  closely  in  front  of  it. 

In  this  specimen,  the  dental  foramen  is  situated  below  the 
summit  of  the  coronoid  process.  Its  aperture  is  placed  ob- 
liquely, opening  backward  and  upward,  and  from  its  outer 
margin,  the  deep  mylohyoid  groove  extends  forward  and  down- 
ward, rapidly  descending  below  the  lower  border  of  the  ramus. 
This  lower  jaw  is  intermediate  in  form  between  Dryolestes 
and  Styla^odon,  It  has  the  slender  straight  ramus  of  IStyldco- 
don^  with  even  a  stronger  constriction  benind  the  molar  teeth, 
but  the  jaw  is  deeper  below  the  molar  series,  and  the  lower 
margin  is  convex,  as  in  Dryolestes.  The  molar  teeth  resemble 
those  of  Peraspalax^  Owen,  but  in  that  genus  there  is  a  less 
number  of  teeth,  m&  other  features  not  seen  in  the  present 
specimen. 

The  upper  jaw  of  this  genus  has  not  yet  been  identified. 

Laodon  ventMtuSy  gen.  et  sp.  no  v. 

In  the  type  specimen  of  this  species,  the  inner  side  only  of 
the  lower  iaw  is  shown.  The  alveolar  border  is  nearly  straight, 
while  the  lower  margin  is  strongly  convex.  The  anterior  por- 
tion of  the  ramus  is  very  shallow,  but  little,  if  any,  deeper  tnan 
the  crowns  of  the  teeth  it  contained.  There  is  a  well-marked 
mylohyoid  groove,  which  begins  at  the  dental  foramen,  and 
extends  forward  and  downward,  until  it  is  lost  below,  directly 
under  the  second  molar.  The  angle  of  the  jaw  extends  well 
backward,  and  was  not  inflected,  although  somewhat  thickened 
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along  the  lower  margin.  The  pterygoid  fossa  is  deep  and  wide. 
The  coronoid  process  was  large,  but  its  exact  form  cannot  be 
determined. 

The  type  specimen  of  the  present  species  is  from  the  Upper 
Jurassic  deposits  of  Wyoming. 

DiplocynodontidcB, 

A  third  group  of  Jurassic  Mammals  is  known  at  present 
from  three  genera,  which  have  been  found  only  in  this  country. 
The  most  typical  form,  Diplocynodon^  is  represented  on  Plate 
X,  figure  3,  by  the  specimen  first  described.  This  fossil  indi- 
cates one  of  the  largest  mammals  yet  found  in  the  Jurassic. 
In  this  genus,  there  were  at  least  three  lower  incisors,  directed 
well  forward.  The  canine  is  very  large,  elevated,  and  trench- 
ant, and  inserted  by  two  strong  fangs.  Behind  this,  there  are 
twelve  teeth,  all  essentially  of  the  same  type,  so  that,  from  the 
outer  side  alone,  it  is  diflScuIt,  if  not  impossible,  to  distinguish 
the  premolars  from  the  molars.  The  crown^  of  these  teeth  are 
composed  of  a  main  external  cone,  with  a  small,  elevated  lobe 
in  front,  and  a  lower  one  behind.  This  is  repeated  on  a  re- 
duced scale  on  the  inner  side,  except  that  the  posterior  cusp  is 
rudimentary,  or  wanting.  The  antero-posterior  faces  of  the 
crowns  are  deeply  excavated,  and  grooved. 

The  jaw  is  elongate,  and  gently  curved  below.  The  coronoid 
process  is  large,  and  elevated.  The  condyle  is  placed  very  low, 
nearly  on  a  Ime  with  the  teeth.  The  angle  oi  the  jaw  is  pro- 
duced into  a  distinct  process  (^,  the  lower  margin  of  which 
bends  outwards,  although  the  process  as  a  whole  has  a  slight 
inward  direction. 

In  Diplocynodon  victor^  the  mental  foramen  is  beneath  the 
interspace  between  the  second  and  third  premolars.  The  dental 
foramen  is  large,  and  is  situated  intermediate  between  the  last 
molar  and  the  angle  of  the  jaw.  From  its  front  margin,  the 
narrow  straight  mylohyoid  groove  extends  forward,  nearly 
parallel  with  the  lower  margin  of  the  ramua 

An  upper  jaw  referred  to  this  species  contains  the  canine  and 
eight  succeeding  teeth  in  excellent  preservation.  The  canine 
is  very  large,  and  has  two  distinct  fangs.  The  molar  teeth 
have  one,  main,  external  cone,  and  two  lateral  cusps,  which  rise 
from  a  strong  basal  ridge.  On  the  inner  side,  there  is  one  main 
cone,  with  a  small  posterior  heel.  The  outer  face  and  the  sides 
of  the  upper  molars  are  deeply  sculptured  with  irregular 
grooves. 

The  European  genus  Amphitherium  may  possibly  belong  to 
this  family,  but  the  lower  canine  has  only  a  single  root,  and 
the  molars  appear  quite  diflFerent  from  those  of  the  American 
forms. 
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DOCODON. 

Another  genus   {Docodon)  of  this  family  may  be  distin- 

Siiflhed  from  Dvplocynodon  by  having,  in  the  lower  jaw  behind 
e  canine,  eleven  teeth  instead  of  twelve.  The  canine  has 
two  fangs,  as  in  the  latter  genus,  and  the  molar  teeth  corres- 
pond closely  in  form.  The  symphysis  is  very  long,  and  the 
mylohyoid  groove  extends  forward  to  its  upper  border.  The 
type  specimen  of  this  genus  is  shown  in  Plate  X,  figure  2. 

In  Docodon^  the  dental  foramen  is  further  back  than  in 
DvplocyTwdori^  and  the  mylohyoid  groove,  leading  out  of  it, 
is  deep  and  straight  as  far  as  the  last  premolar. 

Enneodon. 

A  third  genus,  Enneodon^  described  below,  is  represented  by 
two  specimens,  one  of  which  is  shown  on  Plate  X,  figure  4. 
The  lower  jaw  is  comparatively  short  and  robust,  and  contained 
only  nine  post-canine  teeth,  all  of  the  same  type. 

Enneodon  crassuSy  gen.  et  sp.  nov. 

The  canine  in  Enneodon  is  large,  and,  as  in  the  other  genera 
of  this  family,  is  inserted  by  two  well-separated  fangs.  Seen 
from  the  outside,  its  crown  resembles  that  of  a  true  molar,  but 
the  anterior  lobe  is  wanting.  The  second  premolar  is  larger 
than  the  first,  not  smaller,  as  in  the  type  of  Diplocynodon. 
The  premolars,  although  of  the  same  general  form  as  the 
molars,  have  the  surface  of  the  crown  more  grooved,  or  striate. 

Enneodon  affiniSy  sp.  nov. 

A  second  specimen  of  this  genus  agrees  with  that  last  de- 
scribed in  the  main  features  of  its  dentition,  but  the  lower  jaw 
is  less  robust  The  canine  is  also  more  slender,  and  there  is  a 
small  diastema  behind  it  The  first  three  premolars  increase 
in  size  backward,  but  are  all  of  similar  form.  The  angle  of 
the  jaw  is  considerably  below  the  lower  margin  of  the  ramus. 

The  principal  dimensions  of  this  specimen  are  as  follows : 

Space  occupied  by  nine  premolar  and  molar  teeth ig-mm 

Depth  of  jaw  below  first  premolar 2* 

Depth  of  jaw  below  fii-st  molar 3*26 

Height  of  first  premolar  above  law 1*6 

Height  of  second  molar  above  jaw 2* 

Antero-posterior  diameter  of  second  molar ti* 

The  fossils  on  which  the  two  species  of  Enneodon  are  based 
were  found  in  the  Atlantosaurus  beds  of  the  Upper  Jurassic,  in 
Wyoming. 
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Spalacotheridm, 

The  type  genus  of  this  family  is  SpaiUwotherium  of  Owen, 
but  it  is  probable  that  he  included  more  than  one  generic  form 
under  this  name,  in  the  various  specimens  described.  In  this 
country,  one  well-preserved  jaw  has  been  found,  which  appears 
to  indicate  a  distinct  genus  {Menacodon),  and  is  described 
below.  This  specimen  is  represented  on  Plate  X,  figures  6 
and  6. 

In  the  typical  specimens  of  Spala^oth^uni^  the  pre- 
molar and  molar  teeth  are  ten  in  number,  and  of  the  same 
feneral  form.  The  crown  consists  of  one,  main,  external  cone, 
igh  and  pointed,  and  two,  short,  inner  cusps,  nearly  equal  in 
size,  in  front  of  and  behind  the  main  cone.  The  canine  has 
two  fangs,  and  there  is  little  or  no  diastema  behind  it. 

In  Menacodon^  the  molars  have  the  same  general  form,  but 
there  appear  to  be  but  seven  in  the  post-canine  series.  The 
crowns  auso  are  shorter  and  more  robust.  The  canine  is  small, 
and  has  two  roots. 

Menacodon  rarua^  gew,  et  sp.  nov. 

In  this  species,  the  lower  jaw  is  comparatively  slender,  and 
its  inferior  border  is  strongly  convex,  longitudinally.  The 
canine  was  small,  and  directed  well  forward.  The  first  three 
premolars  are  separated  slightly  from  the  canine,  and  from  each 
other.  The  three  following  teeth,  which  may  be  re^rded  as 
true  molars,  are  larger  and  more  elevated,  and  behmd  these 
was  the  last  molar,  somewhat  smaller  in  size. 

In  the  type  specimen  of  Menojcodon^  there  is  no  sharply 
defined  mylohyoid  groove,  but  a  shallow  depression  takes  its 
place,  as'  indicated  in  Plate  X,  figure  6. 

In  Spalacotherium,^  there  is  a  well-defined  mylohyoid  groove. 

The  unique  specimen  on  which  the  present  species  is  estab- 
lished was  found  in  the  Upper  Jurassic  of  Wyoming. 

TinodontidoB. 

This  family  is  well  represented  by  American  forms,  one  of 
which,  the  type  species  of  Tinodon^  is  shown  on  Plate  X,  fig- 
ure 1.  Phascolotherium^  Owen,  appears  from  its  dentition  to 
be  an  allied  form,  but  differs  in  several  important  points,  and 
may  yet  be  found  to  represent  a  distinct  family.  The  premo- 
lar and  molar  teeth  have  nearly  the  same  form  in  both  genera, 
but  in  Tinodon^  there  is  a  larger  number  of  post-canine  teeth. 
The  coronoid  process,  also,  is  vertical,  and  the  angle  of  the  jaw 
is  not  inflected.  The  premolars  have  the  same  general  shape 
as  the  molars,  the  crowns  being  composed  essentially  of  thiw 
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pointed  cusps,  one,  main,  outer  cone,  and  two,  smaller  cusps,  one 
in  front  ana  one  behind,  on*  the  inner  side.  There  is  a  strong 
€ingulum  on  the  inner  surface,  which  may  dfevelop  into  an 
anterior  lobe,  or  posterior  heel.  The  mylohyoid  groove  is  dis- 
tinct. The  condyle  in  Tvnodon  is  rounded,  and  somewhat 
transverse,  and  is  separated  from  the  jaw  by  a  distinct  neck. 

In  Tinodon  heUus^  the  dental  foramen  is  large  (Plate  X, 
figure  1,  y*),  and  looks  downward  and  backward.  It  is  placed 
somewhat  behind  the  anterior  margin  of  the  coronoid  process, 
and  somewhat  above  the  middle  line  of  the  ramus.  The  deep 
mylohyoid  groove  {g)  leads  from  this  opening,  forward  and 
downward. 

Tricotiodontidoe, 

Another  family  related  to  the  one  last  described  is  represented 
by  the  genus  Triconodon  of  Owen,  and  by  one  or  two  Ameri- 
can forms.  In  this  group,  the  premolars  are  unlike  the  molars. 
The  latter  are  large,  and  their  crowns  are  composed  of  three, 
nearly  equal,  trenchant  cusps.  The  premolars  are  compressed 
and  trenchant,  but  lack  the  anterior  cusp.  There  is  apparently 
more  than  one  genus  included  under  the  specimens  referred  by 
Owen  to  Triconodon,  but  more  specimens  will  be  required  to 
separate  them. 

Priacodon,  gen.  nov. 

One  of  the  American  forms,  which  appears  to  be  generically 
distinct  from  the  type  of  Triconodon^  is  represented  below,  on 
Plate  X,  figure  9,  under  the  name  Priacondon  ferox.  The 
type  specunen,  on  which  it  is  based,  was  originally  placed 
by  the  writer  in  the  genus  Tinodon^  and  the  species  named 
Tinodon  ferox.  This  specimen  is  a  right  lower  jaw,  with  most 
of  the  teeth  in  position.  There  are  three  premolars,  and  four 
molars.     The  premolars  have  one  main  cone,  pointed  and  com- 

?re88ed,  with  a  low  cusp  in  front,  and  a  larger  one  behind, 
'he  last  premolar  is  large.  The  penultimate  molar  has  four 
distinct  cones  instead  of  three.  The  canine  was  large,  and 
directed  well  forward.  The  coronoid  process  is  high,  and 
inclined  backward.  The  mylohyoid  groove  is  nearly  parallel 
with  the  lower  margin  of  the  jaw,  and  extends  forward  to  the 
symphysis.     The  latter  is  strongly  marked. 

Paurodontidce. 

A  peculiar  genus,  Pav/rodon^  widely  different  from  any  form 
hitherto  found  in  this  country  or  Europe,  is  represented  at 
present  by  a  single  specimen,  a  left  lower  jaw.     This  is  shown 
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on  Plate  X,  figures  7  and  8.  The  entire  premolar  and  molar 
series  consists  of  onl^  six  teeth,  the  main  features  of  which  are 
seen  in  the  figures  cited.  The  canine  is  large,  nearly  erect,  and 
is  apparently  inserted  by  a  single  fang.  There  is  a  distinct 
diastema  between  this  and  the  first  premolar.  The  latter  is 
smalL  The  lower  jaw  is  short  and  massive,  and  there  is  a  deep 
mylohyoid  groove  {g). 

The  molar  teeth  of  Paurodon  appear  to  agree  in  the  general 
features  of  their  crowns  with  those  of  Achyrodon  and  Pera- 
lestesj  but  the  figures  given  by  Owen  of  the  specimens  de- 
scribed under  these  names  show  them  to  be  quite  distinct  from 
the  present  genus. 

Paurodon  valenSy  gen.  et  sp.  nov. 

In  this  genus,  there  were  apparently  two  lower  premolars, 
and  four  molars,  all  separated  somewhat  from  each  other.  The 
premolars  have  a  single  main  cusp,  and  a  low  posterior  heel. 
Each  is  implanted  by  two  roots.  The  molars  have  a  single 
main  external  cone,  and  two  low  inner  cusps.  The  mylohyoid 
groove  extends  from  the  pterygoid  fossa  to  the  symphyseal  sur- 
face, which  is  large.  The  mental  foramen  is  below  the  dias- 
tema between  the  canine  and  the  first  premolar. 

The  upper  jaw  of  this  peculiar  fossil  is  not  known. 

The  type  specimen  of  this  unique  form  is  from  the  Upper 
Jurassic  deposits  of  Wyoming  Territory. 

The  main  object  of  the  present  article  is  to  present  a  typical 
series  of  the  remains  of  known  American  Jurassic  mammals. , 
A  discussion  of  the  closer  relations  of  these  to  the  mammals 
from  the  same  formation  in  Europe,  as  well  as  to  both  older 
and  more  recent  forms,  will  be  reserved  for  the  Memoir  now 
in  course  of  preparation. 

The  vertebrae,  limb  bones,  and  other  parts  of  the  skeleton  of 
manamals,  found  with  the  jaws  and  teeth  here  described,  can- 
not yet  be  definitely  associated  with  the  latter,  but  an  attempt 
to  do  this  will  be  made  in  the  Memoir. 

The  genera  and  species  of  American  Jurassic  mammals  now 
known  are  given  in  the  list  below.  All  have  been  described 
by  the  writer,  in  this  Journal.  One  figure,  at  least,  of  a  typi- 
cal form  of  each  new  genus  proposed,  has  also  been  given, 
either  in  the  original  description,  or  in  the  present  article. 

The  list  is  as  follows : 
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PlagiauUicidce'. 

Allodon  laticeps.     Amer.  Jour.  Sci.,  vol.  xxi,  p.  611,  1881. 

**      fortis.  ''  "  '«     xxxiii,  p.    381,  1887. 

Ctenacodon  serratus.    **  "  "     xviii,  p.  396,  1879. 

"  nanus.        "  "  "     xxi,  p.  612,  1881. 

"  potens.       "  «  "     xxxiii,  p.  333,  1887. 

DryolestidcB, 

Dryolestes  priscus.     Amer.  Jour.  Sci.,  vol.  xv,  p.  469,  1878. 

"          vorax.  "  "  «  xviii,  p.  216,  1879. 

"          arcuatus.        "  "  "  xviii,  p.  397,  1879. 

"           obtusus.  "  "  "  XX,  p.  237,  1880. 

"          gracilis.  "  "  "  xxi,  p.  613,  1881. 

Stylacodon  gracilis.  "  "  *'  xviii,  p.  60,  1879. 

"           validus.  •*  "  "  XX,  p.  236,  1880. 

Asthenodon  segnis.  "  "  "  xxxiii,  p.  336,  1887. 

Laodon  venustus.  "  "  "  xxxiii,  p.  337,  1887. 

DiplocynodontidfB, 

Diplocynodon  victor.  Amer.  Jour.  Sci.,  vol.  xx,  p.  236,  1880. 
Docodon  striatus.  "  "  "     xxi,  p.  612,  1881. 

Enneodon  crassus.  "  "  "     xxxiii,  p.  339, 1887. 

"  affinie.  "  "  "     xxxiii,  p.  339,  1887. 

SpalacotheridcB. 
Menacodon  rarns.     Amer.  Jour.  Sci.,  vol.  xxxiii,  p.  340,  1887. 

Tinodontidce. 

Tinodon  bellus.     Amer.  Jour.  Sci.,  vol.  xviii,  p.  216,  1879. 
"        robustus.      **  **  **     xviii,  p.  397,  1879. 

"         lepidus.         "  "  "     xviii,  p.  398,  1879. 

THconodotUidcB. 

Triconodon  bisulcus.     Amer,  Jour.  Sci.,  vol.  xx,  p.  237,  1880. 
Priacodon  ferox.  "  "  "    xxxiii,  p.  341,  1887. 

{Tinodon  ferox),        "  "  «     xx,  p.  236,  1880. 

PaurodontidcB, 
Paurodon  valens.     Amer.  Jour.  Sci.,  vol.  xxxiii,  p.  342,  1887. 

None  of  the  .known  Mesozoic  mammals  appear  to  have  been 
truly  herbivorous,  i^eognathvs^  which  has  been  considered 
as  such,  from  its  molar  teeth,  cannot  fairly  be  regarded  as  evi- 
dence, since  it  was  based,  not  upon  part  of  a  lower  jaw,  as 
described  by  Owen,  but  upon  a  fragment,  evidently  the  posterior 
portion  of  the  maxillary,  and  the  teeth  resemble  the  superior 
molars  of  some  insectivorous  forms. 

Am.  Jour.  Sox.— Third  Series,  Vol.  XXXIII,  No.  196.— April,  188V. 
21a 
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Nearly  all  the  mammals  older  than  the  Tertiary,  judging 
from  their  dentition  alone,  may  have  lived  mainlv  upon  insects, 
with  such  accessory  diet  as  modern  Iijsectivores  arfect.  The  JPla- 
giaidamdcBj  however,  show  evidence  of  marked  adaptation  to 
some  peculiar  food,  whether  animal  or  vegetable  cannot  vet  be 
detemlined  with  certainty.  Now  that  the  upper  teeth  of  Cten- 
a^Godon  are  known,  and  trenchant  teeth  are  found  opposed  to 
the  lower  cutting  premolars,  and  tubercular  molars  to  those  be- 
low, the  problem  is  simplified,  but  not  solved.  The  evidence 
at  present  points  to  an  animal,  rather  than  to  a  vegetable,  diet  for 
all  the  AUotheria. 

It  is  not  improbable  that  there  was  a  gradual  change  in  diet 
in  the  later  forms,  until  vegetable  food  predominated.  The 
fact  that  the  Tertiary  genus  Neaplagiaulax^  Lemoine,  has 
only  a  single  lower  premolar  coinciaes  with  this  view,  and  if 
Hypsiprymiius  is  a  still  later  descendant,  the  additional  molars, 
and  other  herbivorous  features,  may  be  the  result  of  this 
gradual  change. 

The  few  Mammals  known  from  the  Trias  may  be  placed  in 
two  families,  Dromotheridm^  including  the  American  speci- 
mens, and  MicToUstidod^  those  of  the  old  world.  They  are  all 
quite  distinct  from  any  of  the  Jurassic  forms,  either  those  found 
in  this  country  or  in  Europe.  Below  the  Trias,  no  Mammals 
have  hitherto  been  discovered ;  and  none  are  known  with  cer- 
tainty from  the  Cretaceous. 

Mesozoic  Mammals  have  very  generally  been  referred  hith- 
erto to  the  Mars^cpialia,  An  examination  of  the  known  re- 
mains of  American  Mesozoic  Mammalia,  now  representing  up- 
wards of  two  hundred  distinct  individuals,  has  convinced  the 
writer  that  they  cannot  be  satisfactorilv  placed  in  any  of  the 
present  orders.  This  appears  to  be  equally  true  of  the  European 
forms  which  the  writer  has  had  the  opportunity  of  examining. 
With  a  few  exceptions,  the  Mesozoic  mammals  best  preserved 
are  manifestly  low  generalized  forms,  without  any  mstinctive 
Marsupial  characters.  Many  of  them  show  features  that  point 
more  directly  to  Insectivores,  and  present  evidence,  based  on 
specimens  alone,  would  transfer  them  to  the  latter  group,  if 
tney  are  to  be  retained  in  any  modem  order.  This,  however, 
has  not  yet  been  systematically  attempted,  and  the  known  facts 
are  against  it 

In  view  of  this  uncertainty,  it  seems  more  in  accordance  with 
the  present  state  of  science,  to  recognize  the  importance  of  the 
generalized  characters  of  these  early  mammals,  as  at  least  of  or- 
dinal value,  rather  than  attempt  to  measure  them  by  specialized 
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features  of  modem  types,  with  which  they  may  have  little  real 
affinity.  With  the  exception  of  a  very  few,  aberrant  forms,  the 
known  Mesozoic  mammals  may  be  placed  in  a  single  order, 
which  the  writer  has  named  PamtoiheHa.*  Some  oi  the  more 
important  chanu^ters  of  this  gronp  are  as  follows : 

(1.^  Cerebral  hemispheres  smooth. 

(2.)  Teeth  exceeding,  or  equalling,  the  normal  number,  44.f 

(3.)  Canine  teeth  with  bifid  or  grooved  roots,  f 

(4.)  Premolars  and  molars  imperfectly  difEerentiated. 

(5.)  Rami  of  lower  jaw  unanl^losed  at  symphysis. 

(6.)  Mylohyoid  groove  on  inside  of  lower  jaw. 

(7.)  Angle  of  lower  jaw  without  inflection. 

(8.)  Condyle  of  lower  jaw  near  horizon  of  teeth. 

(9.)  Condyle  vertical  or  round,  not  transverse. 

The  generalized  members  of  this  order  were  doubtless  the 
forms  from  which  the  modem,  specialized,  Insectivores,  at  least, 
were  derived. 

Another  order  of  Mesozoic  mammals  is  evidently  represented 
by  AUodon^  Bolodon^  Gtendcodon^  PlagioMlaXy  and  a  few 
other  genera.  These  are  all  highhr  specialized,  aberrant,  forms, 
which  apparently  have  left  few,  it  any,  descendants  later  than 
the  Tertiarv.  This  order,  which  the  writer  has  termed  the 
AUotheriaJ^  can  be  distinguished  from  the  previous  group  by 
the  following  characters : 

(1.)  Teeth  much  below  the  normal  number. 

(2.)  Canine  teeth  wanting. 

(3.)  Premolar  and  molar  teeth  specialized. 

(4.)  Mylohyoid  groove  wanting. 

(5.)  Angle  of  lower  jaw  distinctly  inflected. 

These  characters  alone  do  not  separate  the  PlaaiatdacidcB 
and  MierolestidcB  from  some  of  the  Marsupials,  and  the  facts 
now  known  seem  to  prove  that  they  belong  in  that  group, 
where  they  represent,  at  least,  a  well-marked  sub-order. 

Of  the  two  families  of  Triassic  Mammals  now  known,  the 
I)romotherid(B  may  be  placed  in  the  order  Pantoiheria^  and 
the  MicroUstidoBj  in  the  AUotheria,  According  to  present 
evidence,  the  former  were  probably  placental,  and  the  latter, 
non-placental,  and  marsupial. 

*  This  Journal,  vol.  xx,  p.  239,  1880. 

{The  genus  Pawodon  maj  be  an  exception. 
This  Journal,  vol.  xx,  p.  239,  1 880. 
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The  modem  Placental  mammals  were  evidently  not  derived, 
from  Marsupials,  as  is  generally  supposed.  Each  group  has  ai>- 
parently  come  down  to  the  present  time,  by  separate  lines,  from 
primitive,  oviparous,  forms,  of  which,  the  living  Monotremes 
may  be  the  more  direct  but  specialized  representatives.  Among 
the  diversified  members  of  Placental  mammals,  the  Insectivores 
are  probably  the  nearest  to  the  early  type,  and  hence  they  show- 
many  features  seen  in  the  Jurassic  ana  Triassic  mammals  of  the 
order  Pantotheria. 

Among  the  various  existing  Marsupials,  the  Rat-Kanearoos, 
(HypBiprymnidci)  appear  to  be  nearest  to  the  oldest  Known 
lorms  represented  in  the  order  AUotheria^  but  future  discov- 
eries may,  at  any  time,  bring  to  light  new  Mesozoic  mammals 
allied  to  other  Marsupials. 

So  far  as  at  present  known,  the  two  great  groups  of  Placental 
and  Non-placental  mammals  appear  to  be  distinct  in  the  oldest 
known  forms,  and  this  makes  it  clear  that,  for  the  primitive 
generalized  forms  {Hypotheria)^  from  which  both  were  derived, 
we  must  look  back  to  the  Palseozoia 

Yale  College,  New  Haven,  March  16,  1887. 
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EXPLANATION  OF  PLATES. 


PLATE  Vn. 


PiouRB  1.— Left  upper  jaw  of  AUodon  laticeps,  Marsh ;  outer  view. 

FiOURB  2. — The  same  specimen ;  seen  from  below. 

PiGURB  3. — ^Left  upper  jaw  of  same  species;  inner  view. 

FiGUBB  4. — The  same  specimen ;  seen  from  below. 

FiGUBB  6. — Left  upper  jaw  of  same  species;  outer  view. 

FioURS  6. — The  same  specimen ;  seen  from  below. 

FiGUBB  7. — Right  premazillarj  of  AUodcnfartia^  Marsh ;  outer  view. 

FiGiTBB  8. — The  same  specimen ;  seen  from  below. 

FiGUSB  9. — ^The  same  specimen ;  seen  from  in  front. 

FiGTTBB  10. — The  same  specimen ;  mner  view. 

Figure  11. — Portion  of  left  upper  jaw  of  AUodon  fortis;  outer  view. 

FiGUBE  12. — The  same  specimen ;  seen  from  below. 

FiGUBE  13.— The  same  specimen  ;  inner  view. 

FiGUBB  14. — Lower  incisor  of  AUodon  fortis ;  side  view. 

FiGXTBE  15. — The  same  indsor;  seen  from  in  front. 

a,  last  incisor ;  a",  second  premolar ;  &,  fourth  premolar ;  y,  third  premolar  ; 
c,  second  true  molar ;  &^  first  molar ;  /,  antorbital  foramen ;  m,  malar  arch ; 
«.  suture  with  maxillary. 

Figures  1-4.  are  four  times  natural  size;  5  and  6,  six  times  natural  size;  7-15, 
three  times  natural  size. 

PLATK  Vni 

FiGUBB  1. — Right  lower  jaw  of  Ctenacodon  serratua^  Marsh;  outer  view. 

The  small  figure  is  natural  size,  and  the  larger  one  is  magnified  four  diameters. 

FiGUBB  2. — Right  upper  jaw  of  Ctenacodon  potena,  Marsh ;  inner  view. 

FiGUBB  3. — The  same  jaw ;  seen  from  below. 

FiGUBB  4.— Left  lower  jaw  of  Ctenacodon  aerraiua;  inner  view. 

FiGUBB  5. — Incisor,  probablj  of  same  species ;  seen  fh)m  in  front. 

FiGUBB  6.— The  same  incisor;  seen  from  the  side. 

Figure  7. — Left  lower  jaw  of  Ctenacodon  potens ;  outer  view.    « 

FiGUBB  8. — The  same  jaw;  inner  view. 

FiGUBB  9. — ^The  same  jaw ;  front  view,  with  its  fellow  restored  in  place. 

In  figures  2  and  3,  a\  first  premolar;  6,  fourth  premolar;  c,  second  molar; 
m,  malar  arch.  In  the  lower  jaws,  a,  incisor;  &,  condyle;  c,  ooronoid  pro- 
cess; m,  molar;  r,  root  of  incisor;  s,  sjmphyseal  surface. 

Figures  2,  3,  5,  and  6,  are  four  times  natural  size,  and  figures  4,  7,  8,  and  9, 
are  three  times  natural  size.  « 
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PLATE  IX. 

I 
FiQURE  1. — ^Left  lower  jaw  of  Stylacodon  gracUia^  Marsh;  outer  view.  j 

FiouRB  2. — Left  lower  jaw  of  Dryoleatea  priscus^  Marsh ;  inDer  view.  j 

FiouRB  3. — Left  lower  jaw  of  Dryolestea  vorax,  Marst ;  outer  view.  i 

FiouRB  4. — The  same  jaw ;  inner  view.  ' 

FiouoB  5. — Left  lower  jaw  of  Laodon  ventuhUf  Marsh;  inner  view. 

FiouBB  6. — Left  lower  jaw  of  Asihenodon  aegnis,  Marsh ;  anterior  part  outer  view. 

FiGUto  7.— Right  lower  jaw  of  same  species;  outer  view.  ,' 


a,  canine;   &,  condjle:    c,  coroooid  process;    d,  angle;    g^  mylohyoid  grove; 
«,  symphyseal  surface. 

All  the  figures  are  three  times  natural  size,  except  figure  5,  which  is  four  timei! 
natural  sis^. 


PLATE  X. 

FiouBB  1.^ Right  lower  jaw  of  Tlnodan  beUuSf  Marsh;  inner  view. 

FiouRB  2. — Right  lower  jaw  of  Docodon  striaius^  Marsh ;  inner  view. 

FIOUBB  3. — Right  lower  jaw  of  Diplocynodon  vieioVf  Marsh ;  outer  view. 

FioURB  4. — Right  lower  jaw  of  Enneodan  crassus^  Marsh ;  outer  view. 

FiGURB  6.— Left  lower  jaw  of  Menacodon  rarus.  Marsh ;  outer  view. 

FieuRB  6. — The  same  jaw ;  inner  view. 

FiousB  7. — Left  lower  jaw  of  Pawrodon  vdkna^  Marsh ;  outer  view. 

FiouBB  8. — The  tame  jaw ;  inner  view. 

FiouBB  9. — Right  lower  jaw  of  Priacodon  ferox^  Marsh;  inner  view. 

a,  canine;    d,  condyle;    (^  coronoid  process;    d,  angle;  /,  dental  foramen;   g^ 
mylohyoid  groove ;  «,  symphyseal  surface. 

Figures  2  and  3  are  twice  natural  size,  and  the  others,  three  times  natural  size. 
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[THIRD    SERIES.] 


Art.  XXXVL— On  Red  and  Purple  Chloride,  Bromide  and 
Iodide  of  Silver;  on  Heliochromy  and  on  the  Latent  Photo- 
graphic Image;  by  M.  Cabey  Lea,  Philadelphia.    Part  I. 

In  this  series  of  papers  it  will  be  my  object  to  show  : 

(1.)  That  chlorine,  bromine  and  iodine  are  capable  of  form- 
ing compounds  with  silver  exhibiting  varied  and  beautiful  col- 
oration, peach-blossom,  rose,  purple  and  black.  That  these 
compounds  (except  under  the  influence  of  light)  possess  great 
stability :  that  they  may  be  obtained  by  purely  chemical  means 
and  in  the  entire  absence  of  light. 

(2.)  That  of  these  substances  the  red  chloride  shows  a  tend- 
ency to  the  reproduction  of  colors.  It  seems  not  improbable 
that  the  material  of  the  infinitesimally  thin  films  obtained  by 
Becquerel,  Niepce  de  St  Victor,  Poitevin  and  others  in  their 
experiments  on  heliochromy  may  be  the  red  chloride. 

(3.)  That  these  substances,  formed  by  purely  chemical  means, 
constitute  the  actual  material  of  the  latent  or 'invisible  photo- 
^phic  image,  which  material  may  now  be  obtained  m  the 
laboratory  without  the  aid  of  light  and  in  any  desired  quan- 
tity. They  also  form  part  of  the  visible  product  resujting 
from  the  action  of  light  on  the  silver  haloids. 

For  more  than  a  generation  past,  the  nature  of  the  latent' 
photographic  image,  that  which  forms  the  basis  of  development, 
oas  l^en  in  dispute.     Two  theories  have   been   maintained. 

Am.  Jour.  Sci.— Thibd  Sbries,  Vol.  XXXm,  No.  197.— ICat,  1887. 
22 
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According  to  the  one,  the  first  eflfect  produced  by  Irght  is 
simply  a  physical  change,  predisposing  the  elements  of  the 
silver  haloid  to  dissociation,  so  that  when  a  reducing  agent  is 
applied,  the  molecules  so  affected,  yield  more  quickly  to  its 
influence.  According  to  the  other  theory,  the  invisible  image 
is  formed  of  a  sub-salt  (sub-chloride,  etc.).  Observations 
which  I  published  many  years  ago  led  me  strongly  to  the  first- 
mentioned  of  these  theories.  But  of  late  years,  results  have 
been  obtained  not  easily  reconcilable  with  it.  On  the  other 
hand,  the  theory  that  the  latent  image  is  formed  of  subsalt  is 
opposed  lo  striking  facts.  Silver  subchloride  for  example  is 
an  unstable  substance,  quickly  destroyed  by  dilute  nitric  acid. 
But  I  have  formed  a  latent  image  on  silver  chloride  and  after 
exposing  it  for  five  minutes  to  the  action  of  stro'^g  nitric  acid 
(sp.  gr.  1*36)  have  developed  the  image  without  difficulty  :  the 
same  with  silver  bromide.  Evidently  these  images,  which  so 
strongly  resisted  the  action  of  undiluted  acid  could  not  be 
formed  of  simple  subchloride  and  subbromide  of  silver,  sub 
stances  quickly  destroyed  by  it. 

In  the  desire  to  find  a  satisfactory  explanation  of  the  nature 
of  the  image  based  on  adequate  chemical  proof,  I  have  devoted 
nearly  three  years  of  laboratory  work  to  this  and  to  closely 
allied  subjects.  I  am  led  to  thg  conclusion  that  neither  of  the 
older  views  is  correct.  A  truer  theory  seems  to  be  deducible 
from  the  result  of  some  experiments  which  I  published  in  1886, 
to  the  efiFect  that  the  silver  haloids  weee  capable  of  uniting  with 
certain  other  substances,  much  in  the  same  way  that  alumina 
forms  lakes.  When  a  silver  haloid  was  precipitated  in  the 
presence  of  certain  coloring  matters  they  combined  with  it,  and 
though  soluble  in  water,  they  could  not  be  subsequently 
washed  out.  They  had  formed  a  somewhat  stable  compound, 
although  the  proportion  of  coloring  matter  was  very  small  in 
comparison  with  the  haloid;  evidently  much  too  small  to 
represent  a  stoichiometrical  composition. 

Now  I  find  that  a  silver  haloid  may  in  the  same  way,  unite 
with  a  certain  proportion  of  its  own  subsalt,  which  by  this 
union  quite  los^  its  characteristic  instability  and  forms  a  com- 
pound of  great  permanence. 

Another  explanation  is  possible :  the  subsalt  may  combine 
with  the  normal  salt,  not  in  the  manner  above  described,  but 
in  stoichiometrical  proportion,  and  this  compound  may  be  dif- 
fused through  ordinary  silver  haloid.  I  have  not  been  able  to 
find  any  reaction  decisive  between  these  explanations,*  but  the 
general  behavior  of  the  substance  seems  rather  to  indicate  the 

♦  Silver  chloride  may  be  dissolved  out  by  hot  solutions  of  sodium  or  ammonium 
chloride,  but  the  subchloride  is  at  the  same  time  decomposed.  See  beyond  under 
head  of  "  Reactions." 
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first  named  explanation  as  the  true  ona  When  the  red  chlo- 
ride, for  example,  has  been  boiled  with  dilute  nitric  acid  for  a 
few  moments  to  eliminate  any  uncombined  subchloride,  the 
proportion  of  subchloride  left  has  never  exceeded  S  or  9  per 
cent  in  over  thirty  specimens  analyzed.  If  we  took  this  to 
represent  a^  compound  in  equivalent  proportions,  we  should 
have  to  suppose  the  union  of  at  least  twenty  equivalents  of 
AgCl  with  one  of  Ag,CI,  which  is  improbable.  If  we  suppose 
that  these  colored  substances  containing  from  less  than  one-half 
p»?r  cent  up  to  eight  or  nine  per  cent  of  AgjCI  consist  of  a  com- 
pound of  one  equivalent  of  subchloride  united  to  a  small  number 
of  equivalents  of  normal  chloride,  mixed  mechanically  with  a 
large  quantity  of  normal  chloride,  then  it  would  be  improbable 
that  specimens  could  not  be  obtained  containing  a  larger  pro- 
portion of  this  compound  and  consequently  of  Ag,Cl,  but  as 
already  said,  specimens  containing  more  than  9  per  cent  after 
thorough  treatment  with  nitric  acid  to  remove  the  uncombined 
subchloride  I  have  never  obtained:  generally  the  amount  is 
less. 

Even  when  silver  chloride,  bromide  or  iodide  contains  as 
little  as  one-half  of  one  per  cent  of  subsalt  combined,  its  prop- 
erties are  greatly  changed.  It  has  a  strong  coloration  and  its 
behavior  to  light  is  altered.  Even  a  much  less  quantity,  one 
inappreciable  to  analysis,  is  capable  of  affecting  both  the  color 
ana  the  behavior  to  light 

It  is  one  of  these  latter  forms  of  this  substance  that  consti- 
tutes the  actual  material  of  the  latent  photographic  image: 
adequate  proof  of  this  will  be  given  in  the  second  part  of  this 
paper. 

Red  Silvbb  Chloride. 

Of  the  three  haloids,  the  chlorine  salt  is  the  most  interesting, 
because  of  its  relations  to  heliochromy;  it  is  also  the  most 
stable  of  the  three  compounds  and  exhibits  perhaps  a  finer 
variety  of  coloration,  though  the  bromide  and  iodide  are  also 
obtainable  of  very  beautiful  tints.  The  chloride  shows  all  the 
warm  shades  from  white  to  black  through  the  following  grada- 
tions: white,  pale  flesh  color,  pale  pink,  rose  color,  copper 
color,  red  purple,  dark  chocolate,  black. 

These  compounds  are  obtained  in  an  endless  variety  of  ways : 
by  chlorizing  metallic  silver;  by  acting  on  normal  chloride 
with  reducing  agents ;  by  partly  reducing  silver  oxide  or  silver 
carbonate  by  heat  and  treating  with  HOI ;  by  forming  suboxide 
or  a  subsalt  of  silver  and  treating  with  HCl  followed  by  nitric 
acid;  by  acting  on  subchloride  with  nitric  acid  or  an  alkaline 
hypochlorite,  etc. ;  by  attacking  almost  any  soluble  salt  of 
silver  with  ferrous,  manganous  or  chromous  oxide,  etc.,  fol- 
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lowed  by  HOI ;  by  reducing  silver  citrate  by  hydrogen  and 
treating  it  with  HCl;  by  treating  a  soluble  silver  salt  or  almost 
any  silver  solution  with  potash  or  soda  and  almost  any  reduc- 
ing agent,  cane  sugar,  milk  sugar,  glucose,  dextrine,  aldehyde, 
alcohol,  etc.,  and  supersaturating  with  HCl ;  there  is  no  organic 
easily  ozidizable  substance  that  I  have  tried  that  has  failed  to 
give  this  reaction.  Also  almost  any  salt  of  silver  exposed  to 
light,  treated  with  HCl  and  then  with  hot  strong  nitric  acid 
yields  it.  Almost  any  of  these  classes  represents  a  long  range 
of  reactions,  each  susceptible  of  endless  variation.  In  fact,  the 
more  the  matter  is  studied,  the  more  extended  the  range  of 
reactions  is  found  to  be  that  give  rise  to  the  formation  of  this 
substance.  To  show  how  slight  an  influence  will  lead  to  the 
production  of  red  chloride  instead  of  white:  if  freshly  precipi- 
tated argentic  oxide  is  mixed  for  a  few  moments  with  starch  or 
tragacanth  paste  and  is  then  treated  with  HCl,  the  result  is,  not 
white,  but  pink  silver  chloride.  Even  raw  starch  flour  mixed 
with  silver  oxide  will  in  a  few  moments  cause  it  to  give  a  pale 
flesh  colored  chloride  with  HCl.  Boiled  starch  or  tragacanth 
paste  does  this  more  quickly  and  acts  more  strongly,  even  in 
the  cold,  and  still  more  if  heat  is  applied.  % 

Although  red  is  probably  the  most  characteristic  color  of 
this  substance,  so  that  I  have  spoken  of  it  above  as  red  chloride, 
nevertheless  this  hardly  seems  a  proper  name  for  a  substance 
that  is  often  purple,  chocolate  or  black,  sometimes  brown  or 
even  ochreous,  sometimes  lavender  or  bluish,  and  is  probably 
capable  of  assuming  every  color  of  the  spectrum.  To  call  it 
argento-argentic  chloride  would  infer  a  stoichiometrical  composi- 
tion that  as  already  mentioned,  seems  very  uncertain,  too  much 
so  to  serve  as  the  basis  of  the  name.  Therefore,  and  as  these 
substances  have  been  hitherto  seen  only  in  the  impure  form  in 
which  they  are  produced  by  the  continued  action  of  light  on 
the  normal  salts,  it  might  be  convenient  to  call  them  photosalts^ 
photochloride,  photobroraide,  and  photoiodide  instead  of  red 
or  colored  chloride,  etc.,  and  thus  to  avoid  the  inexactness  of 
applying  the  term  red  chloride  to  a  substance  exhibiting  many 
other  colors. 

Photochloride  by  action  of  Alkaline  Hypochlorites. 

Black  or  purple  black  chloride  is  easily  obtained  by  the 
action  of  an  alkaline  hypochloiite  on  finely  divided  silver  such 
as  obtained  by  reduction  in  the  wet  way.  Commercial  sodium 
hypochlorite  may  be  used  to  act  on  it.  It  is  to  be  poured  over 
the  silver  and  after  standing  a  few  minutes,  is  to  be  replaced 
with  fresh.  After  an  hour  or  two  this  is  again  to  be  replaced 
with  a  new  portion,  which  is  to  be  allowed  to  act  half  an  hour 
to  insure  the   total   conversion   of  the  silver.     The  product 
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varies  soraewhat  in  color,  is  sometimes  black,  oftener  purple 
black,  n  the  treatment  with  hypochlorite  has  been  thorough, 
strong  cold  nitric  acid  of  1'36  sp.  gr.  extracts  from  it  no  silver. 
This  reaction  with  nitric  acid  is  important  as  it  shows  that  not 
only  metallic  silver  was  not  present,  but  that  the  product  con- 
tained absolutely  no  uncombined  subchloride.  For  if  any  were 
present  it  would  instantly  be  decomposed  by  the  acid,  in 
which  one-half  of  its  silver  would  dissolve.  The  action  there* 
fore  appears  to  lake  place  in  this  way.  First  subchloride  is 
formea,  part  of  this. is  further  chlorized  into  normal  chloride 
which  at  once  combines  with  other  subchloride,  thus  taking  it 
out  of  the  further  immediate  action  of  the  hypochlorite  and 
this  goes  on  until  an  equilibrium  is  reached  ana  neither  metal- 
lic silver  nor  uncombined  subchloride  is  left,  as  is  proved  by 
the  action  of  nitric  acid.  Alkaline  hypochlorite,  as  will  pres- 
ently be  shown,  attacks  uncombined  subchloride  very  rapidly, 
the  combined  v^rj  slowly ;  by  many  days'  contact  the  quantity 
of  combined  subchloride  is  gradually  reduced. 

Prolonged  treatment  with  hot  strong  nitric  acid  destroys  all 
the  varieties  of  photochloride.  The  time  needed  varies  a  good 
deal.  A  specimen  of  that  obtained  with  hypochlorite  required 
twenty-five  hours'  heating  with  acid  of  1'86  in  a  water-bath  at 
212^  F.  to  bring  it  to  the  condition  of  white  normal  chloride. 
Considering  that  cold  dilute  nitric  acid  instantly  destroys  freshly 
precipitated  argentous  chloride  in  the  free  state,  this  long  re- 
sistance to  strong  acid  at  the  temperature  of  boiling  water  must 
be'  considered  most  remarkable. 

When  the  red  or  photochloride  is  formed  with  the  aid  of  a 
ferrous  salt  or  ferrous  oxide,  I  prefer  to  boil  the  product  with 
dilute  HCl  to  get  rid  of  the  last  traces  of  iron,  after  a  prelimi- 
nary treatment  with  hot  dilute  nitric  acid  has  removed  silver 
and  uncombined  subchlorida  The  photochloride  will  some- 
times even  resist  boiling  aqua  regia  for  a  time. 

Protected  from  li^ht,  photochloride  is  perfectly  stable. 
Specimens  obtained  eighteen  months  ago  appear  to  be  quite 
unchanged. 

When  treated  with  ammonia,  it  is  far  more  slowly  attacked 
than  the  normal.  The  ammonia  dissolves  the  normal  chloride 
only.  The  union  between  the  two  must  therefore  be  broken 
up  and  this  takes  place  slowly.  The  first  action  of  the 
ammonia  is  to  change  the  red  or  purple  color  to  greenish  black 
and  then  to  slowly  dissolve  out  silver  chloride.  Hours  are 
required  even  with  a  large  excess  of  ammonia.  Whilst  this  is 
going  on,  if  the  ammonia  is  poured  ofi'and  replaced  with  nitric 
acid,  the  original  color  reappears.  If  the  action  is  continued 
suflSciently  long,  silver  only  remains  and  dissolves  readily  in 
nitric  acid.     A  little  short  of  this,  treatment  with  nitric  acid 
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leaves  a  black  residue  of  dark  chloride  mixed  with  metallic 
silver;  the  dark  chloride  being  insoluble  in  any  acid  has  led 
to  some  strange  mistakes  in  a  similar  reaction  which  occurs  in 
treating  with  ammonia  silver  chloride  that  has  been  exposed  to 
the  light.  Even  a  theory  has  been  had  recourse  to  of  a  "  pas- 
sive condition  "  of  silver.  This  passive  silver  is  simply  black 
chloride. 

A  specimen  of  purple  black  chloride  was  treated  with  warm 
strong  aqua  regia  until  whitened  by  conversion  of  the  sub- 
chloride  to  normal.  By  this  treatment  2*563  grams  of  photo- 
chloride  gained  nine  milligrams,  indicating  the  presence  of  2^^ 
per  cent  of  subchloride,  or  more  exactly 

Subchloride 2*49 

Normal  chloride 97*51 

This  is  not  to  be  taken  in  any  sense  as  representing  a  con- 
stant composition.  The  proportion  of  subchloride  varies  be- 
tween certain  limits,  not  only  according  to  the  method  of  prep- 
aration used  but  independently  of  it.  Another  specimen  of 
black  chloride  formed  with  hypochlorite  gave  figures  that 
indicated  a  content  of  less  than  half  of  one  per  cent  of  sub- 
chloride. 

PhotocfUoride  by  Reduction  of  Wormal  Chloride, 

This  is  an  excellent  means  of  obtaining  red  chloride.  The 
white  chloride  is  to  be  dissolved  in  ammonia  and  ferrous  sul- 
phate added,  producing  an  intensely  black  precipitate.  After 
standing  a  minute,  the  mixture  is  to  be  treated  with  dilute  sul- 
phuric acid  until  it  shows  a  strong  acid  reaction. 

The  precipitate  is  to  be  first  well  washed  by  decantation^ 
then  boiled  first  with  dilute  nitric,  then  after  washing  with 
dilute  hydrochloric  acid,  which  must  of  course  be  thoroughly 
washed  out. 

The  product  obtained  in  this  way  is  often  of  singular  beauty. 
It  might  easily  be  taken  for  metallic  copper.  Sometimes  it  is 
as  rich  and  bright  in  color  as  the  copper  obtained  by  electric 
deposition.  Everyone  knows  the  ricnness  and  brilliancy  of 
that  form  of  copper  and  I  have  seen  it  fully  equalled  by  this 
silver  salt.  * 

The  beauty  of  the  c^lor  depends  always  on  the  thorough  re- 
moval of  any  metallic  silver  that  may  be  present,  and  still  more 
on  getting  rid  of  every  trace  of  iron.  The  boiling  with  dilute 
hydrochloric  acid  should  be  continued  until,  after  thorough 
washing,  a  fresh  treatment  extracts  no  more  and  the  acid  re- 
mains colorless  in  presence  of  alkaline  sulphocyanide. 

Instead  of  an  ammoniacal  solution  of  silver  chloride,  we  may 


Digitized  by 


Google 


M.  C.  Lea — Chloride^  Bromide  and  Iodide  of  SWoer.    365; 

make  a  solution  of  any  other  silver  salt  in  ammonia  and  reduce 
it  in  the  manner  just  described  with  ferrous,  sulphate.  But  in 
this  case  hydrochloric  acid  must  be  used  instead  of  sulphuric 
after  the  reduction.  This  single  reaction  includes  an  almost 
endless  variety  of  methods.  The  acid  with  which  the  silver 
was  originally  combined  seems  to  be  not  without  influence  on 
the  result;  in  some  cases,  for  example,  with  arseniate  and 
molybdate,  the  action  of  colored  light  on  the  red  chloride  seems 
to  be  somewhat  modified.  Silver  phosphate  on  account  of  the 
ease  with  which  it  suflFers  reduction  is  very  well  adapted  for 
this  treatment.  * 

PhotocJdoride  by  Partial   Reduction  of  Oxide  by  Bjsat^  and 
Treatment  with  HCl. 

This  method  has  the  advantage  of  avoiding  all  admixture  of 
foreign  substances,  the  last  traces  of  which  are  very  hard  to  get 
rid  of,  and  seem  to  exert  an  eflFect  on  the  color  disproportionate 
to  their  quantity.  Accordingly  the  photochloride  obtained  in 
this  way  is  very  beautiful,  the  shades  are  from  pink  to  copper 
red,  ana  a  tint  resembling  burnt  carmine. 

Heat  may  be  applied  to  the  oxide  in  either  of  two  ways, 
long  continued  heat  at  212°  F.,  or  near  it :  or  the  change  may 
be  effected  by  roasting. 

When  slow  heat  is  to  be  applied  care  must  be  taken  that  the 
oxide  does  not  carbonate  itself,  which  it  easily  does  superficial- 
ly ;  this  is  an  objection  because  the  carbonate,  under  these  cir- 
cumstances yields  white  chloride  with  which  the  other  becomes 
mixed.  The  air  of  a  drying  oven  heated  by  a  gas  burner  is 
especially  bad  in  this  resfiect.  I  have  seen  a  surface  of  oxide 
form  a  coat  of  yellow  carbonate  in  a  few  hours  in  this  way. 
(Most  oxide  that  has  been  kept  sometime  will  effervesce  briskly 
with  an  acid.)  The  method  is  uncertain,  sometimes  giving 
strongly  colored  products  and  sometimes  pale  pink. 

The  oxide  may  be  roasted  in  a  shallow -flat.- bottomed  por- 
celain ba^in.  With  a  very  moderate  heat  it  changes  from 
brown  to  black.  When  this  is  thoroughly  accomplished  and 
before  gray  reduction  sets  in,  the  oxide  is  to  be  treated  with 
HCl.  If  this  be  done  in  the  basin  itself  after  cooling  and  with- 
out disturbing  the  position  of  the  oxide,  a  curious  variety  of 
tints  will  be  noticeable,  depending  upon  slight  differences  in 
the  heat  affecting  different  portiona 

Silver  Carbonate  may  be  roasted  in  the  same  way  as  silver 
oxide,  and  yields  a  similar  product.  By  heat  its  color  changes 
from  yellow  to  black ;  it  is  probable  that  the  carbonic  acid  is 
driven  off  at  a  lower  temperature  than  that  at  which  oxide  is 
reduced  to  silver,  and  that  with  it  escapes  part  of  the  oxygen. 
The  residue  is  converted  by  HCl  into  deep  red  chloride. 
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Action  of  Various  Metallic  Oxides  on  Silver  Oxide. 

If  we  precipitate  ferrous  oxide  with  potash  and  add  to  this 
silver  oxide,  or  what  amounts  to  the  same  thing,  if  we  add  to 
ferrous  sulphate  potash  in  excess  and  pour  over  this  silver 
nitrate  solution,  the  silver  oxide  separated  by  the  potash  is 
partly  reduced  by  the  ferrous  oxide,  and  when  treated  with 
nCl  forms  red  chloride,  the  intensity  of  the  color  of  which  de- 
pends within  certain  limits  on  the  amount  of  reduction  of  the 
silver  oxide. 

Sinhilarly  if  we  treat  solution  of  manganous  sulphate  with 
excess  of  potash  and  then  add  silver  solution,  we  get  an  anal- 
ogous reaction,  except  that  it  is  much  weaker  and  heat  is 
necessary. 

With  chromous  oxide  the  action  is  still  weaker,  but  evident. 
With  cobaltous  oxide  it  is  scarcely  perceptible  without  heat 
and  long  continued  action. 

Action  of  Ferric  Chloride  on  Metallic  Silver, 

It  has  been  long  known  that  silver  was  blackened  by  ferric 
chloride,  and  this  action  has  been  proposed  in  the  text  books 
as  a  means  of  obtaining  subchloride,  for  which  it  is  quite  un- 
suited. 

Ferric  chloride  acts  on  silver  much  as  sodium  hypochlorite 
does,  but  less  rapidly.  With  hypochlorite  the  action  is  com- 
plete in  a  few  hours  or  often  in  an  hour  or  less;  with  ferric 
chloride  one  or  two  dajrs  are  required  before  the  product  ceases 
to  yield  silver  to  hot  dilute  nitric  acied.  In'  both  cases  the 
action  appears  to  be  alike  in  this :  that  no  subchloride  is  finally 
left  uncombined  with  normal  chloride. 

The  product  is  an  intensely  dark  purple  black,  when  the 
action  takes  place  in  the  cold.  With  heat  continued  for  many 
hours,  ferric  chloride  can  be  made  to  attack  the  purple  salt  and 
gradually  convert  it  into  AgCl.  With  a  strong  solution  in 
large  exoess  kept  at  or  near  212^  F.  for  sixty  hours  the  color 
was  gradually  reduced  to  pink  and  finally  to  a  dingy  pinkish 
gray.     Pure  white  cannot  be  obtained,  as  it  can  by  aqua  regia. 

In  order  to  observe  more  exactly  the  course  of  the  action,  a 
strong  solution  of  ferric  chloride  was  allowed  to  act  on  reduced 
silver  in  fine  powder  for  four  minutes,  and  then  a  fresh  portion 
(always  in  large  excess)  for  the  same  time.  Analysis  showed 
that  at  this  stage  of  the  action  the  material  contained : 


Ag  (determined) 76*07 

CI  (by  difference) 23-93 


100  00 
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If  we  sappose  that  all  the  silver  was  combined  with  chloriney 
the  ooDStitation  of  the  sabstanoe  would  be : 

AgCl 92-49 

Ag.Cl 7-51 

100-00 

but  this  was  probably  not  the  case,  there  was  almost  certainly 
free  silver  present  and  consequently  a  less  proportion  of  sub- 
chloride.  Another  specimen,  treated  repeatedly  with  hot  acid 
until  every  trace  of  free  silver  was  removed  was  found  to  con- 
tain 1'52  per  cent  of  subchloride,  color  purple.  Another 
similarly  treated  contained  7*8  per  cent  subchloride. 

Action  of  Nitric  Acid  on  Silver  Subchloride. 

When  freshly  precipitated  and  still  moist  subchloride  of 
silver  is  treated  with  nitric  acid,  a  sharp  effervescence  accom- 
panied with  a  disengagement  of  red  fames,  sets  in ;  presently 
the  strong  red  coloration  of  the  photochloride  appears  and  the 
action  ceases.  This  production  of  the  red  and  not  the  white 
chloride  in  the  decomposition  of  Ag,CI  is  precisely  what  might 
have  been  expected,  for  when  AgCl  is  formed  in  the  presence 
Ag,Cl  more  or  less  combination  always  takes  place. 

The  action  is  interesting  in  this  respect:  the  AgCl  first  formed 
is  at  the  moment  of  formation  in  presence  of  all  the  yet  undecom- 
posed  portion  of  Ag,CI,  and  whatever  part  it  combines  with  is 
removed  from  the  action  of  the  acid.  It  would  therefore  seem 
probable  that  this  method  would  be  one  of  those  that  yielded 
a  product  having  the  largest  proportion  of  Ag,Cl,  but  analysis 
showed  that  different  specimens  were  extremely  variable — ot 
those  analyzed,  one  contained  8*62  per  cent  of  Ag,01,  another 
6-56,  and  a  third  1-96.  All  that  analysis  can  do  with  such 
substances  is  to  fix  the  Timits  within  which  they  vary.  The 
quantity  of  subchloride  left  after  treatment  with  nitric  acid  de- 
pends partly  on  the  strength  of  the  acid  and  the  time  for  which 
it  is  allowed  to  act,  but  also  to  some  extent  on  variations  in  the 
resistance  of  the  substance  itself.  These  specimens  were  of 
shades  between  rose  and  purple. 

The  color  of  any  particular  specimen  is  always  lightened  in 
shade  by  abstracting  Ag,Cl  from  it  by  continued  boiling  with 
nitric  acid.  But  as  between  different  specimens,  especially 
when  formed  by  different  reactions,  it  by  no  means  follows  that 
the  darkest  in  color  contains  the  most  subchloride. 

Argentous  chloride  when  treated  with  sodium  hypochlorite 
yields  a  purple  form  of  photochloride.  A  specimen  so  treated 
containea  2-57  per  cent  of  Ag,Cl. 
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Action  of  Cupric  Chloride  on  Silver. 

When  metallic  silver  is  submitted  to  the  action  of  either 
cupric  chloride,  or  what  gives  the  same  result,  a  mixture  of 
copper  sulphate  and  ammonium  chloride,  an  action  takes  place 
very  similar  to  that  of  ferric  chloride,  but  more  energetic,  and 
the  resulting  red  chloride  is  apt  to  be  lighter  in  shade,  though 
in  this  respect  it  varies  very  much.  As  in  the  case  of  ferric 
chloride  this  action  of  cupric  chloride  on  silver  is  given  in  some 
text  books  as  a  means  of  obtaining  argentous  chloride  for  which 
purpose  it  is  as  little  suited  as  the  iron  salt. 

As  a  mode  of  obtaining  red  chloride  it  is  not  to  be  recom- 
mended. It  is  troublesome  to  get  the  copper  completely  re- 
moved. 

A  specimen  analyzed  was  found  to  consist  of  white  chloride 
with  628  per  cent  of  subchloride. 

Action  of  JPtotocfdorides  on  Silver  Solutions. 

Cuprous  Chloride, — When  very  dilute  solution  of  silver 
nitrate  is  poured  over  cuprous  chloride,  a  bulky  black  powder 
results  which  by  boiling  with  dilute  nitric  acid  turns  red,  the 
acid  extracting  little  or  no  silver. 

Ferrous  Chloride. — ^When  silver  nitrate  is  dissolved  in  a 
slight  excess  of  ammonia,  and  this  solution  is  poured  into  a 
strong  one  of  ferrous  chloride  there  results  a  precipitate  which 
is  sometimes  grayish,  sometimes  olive  black.  By  washing  with 
dilute  sulphuric  acid,  this  product  becomes  brownish  purple, 
and  brightens  by  boiling  with  dilute  nitric  acid.  It  was  found 
to  contain  4*26  per  cent  of  subchloride. 

Photochloride  by  Action  of  Hydrogen. 

When  hydrogen  is  passed  over  argentic  citrate  at  212^  F.,  as 
in  Wohler's  process,  there  results  a  black  or  dark  brown  powder 
consisting  of  argentous  citrate,  metallic  silver,  and  perhaps  other 
substances.  When  this  is  treated  with  hydrochloric  acid  and 
subsequently  with  nitric,  the  resulting  product  is  photochloride, 
the  characteristic  color  of  which  sometimes  appears  as  soon  as 
the  HOI  is  added.  But  more  frequently  the  material  after  the 
action  of  HCl  has  precisely  the  appearance  of  silver  reduced  in 
the  wet  way,  and  the  red  color  appears  only  after  treatment 
with  nitric  acid.  Even  cold  dilute  acid  (by  some  hours'  con- 
tact) will  isolate  the  red  chloride;  boiling  acid  does  so  at 
once. 

Color,  beautiful  purple.  A  specimen  analyzed  was  found  to 
consist  of  normal  chloride  combined  with  S'll  per  cent,  of  sub- 
chloride. 
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Photochhride  hy  Action  of  Potash  with  Oxidizable  Organic  Sub- 
stances. 

There  is  no  better  method  of  obtaining  photochloride  than 
by  acting  on  a  salt  of  silver  with  potash  and  certain  organic 
substances.  Milk  sugar,  dextrine  and  aldehyde,  give  particu* 
larly  good  results.  Milk  sugar  acts  rapidly,  dextrine  slowly. 
Other  substances  with  which,  combined  with  potash,  I  have 
obtained  chloride,  are :  gum,  tannin,  gallotannic  acid,  manna, 
glycerine,  alcohol,  carbolic  acid,  etc.  The  number  mi^ht 
doubtless  be  indefinitely  multiplied.  After  the  action  has 
reached  a  proper  stage,  which  with  milk  sugar  is  apt  to  be  in 
less  than  a  minute  and  with  dextrine  may  take  half  an  hour, 
HCl  is  added,  whereupon  the  precipitate  changes  in  appearance 
but  does  not  exhibit  its  chafacteristic  color  until  after  boiling 
-with  nitric  acid ;  the  best  result  is  obtained  when  the  precipi- 
tate, after  addition  of  HCl,  has  a  rich  chestnut  brown  shade,* 
which  by  nitric  acid  changes  to  shades  of  purple  and  burnt 
carmine,  when  milk  sugar,  dextrine  or  aldehyde  has  been  the 
reducing  agent.  When  the  salt  of  silver  employed  has  been 
the  chloride,  of  course  treatment  with  HCl  is  superfluoua 

A  specimen  obtained  by  acting  on  silver  nitrate  with  potash 
and  dextrine  was  found  to  contain  2*26  per  cent  of  subchloride. 
Another  obtained  with  silver  nitrate,  potash  and  milk  sugar 
contained  only  0*34  per  cent.  As  in  former  instances  these 
determinations  are  useful  only  in  indicating  the  extreme  varia- 
bility of  these  substances  and  their  approximate  limits  of  com* 
position. 

Other  Reactions  leading  to  the  formation  of  Photochloride, 

A  few  more  instances  are  here  added,  indicating  the  variety 
of  ways  in  which  this  product  may  be  obtained. 

The  following  is  an  interesting  reaction.  If  a  solution  of 
ferrous  sulphate  is  made  strongly  acid  with  HCl  and  solution 
of  silver  nitrate  added,  the  silver  is  thrown  down  as  white 
chloride.  But  if  to  the  silver  solution  is  first  added  a  little 
ammonia,  enough  to  re-dissolve  the  oxide,  but  much  less  than 
enough  to  neutralize  the  acid  added  to  the  iron  solution,  then 
on  pouring  the  silver  solution  into  the  iron,  tl^  silver  falls  as 
red  chloride.  So  obtained  it  has  at  first  a  dull  purple  or 
shade,  but  by  purification,  as  before  described,  a  good  product 
is  obtained.  This  method,  however,  scarcely  tends  to  the  pro- 
duction of  the  splendid  copper  red  shades  of  color  that  are  got 
by  acting  on  silver  chloride  dissolved  in  ammonia  with  fer- 

*  A  specimen  in  this  Btage  snd  before  treatmeDt  with  nitric  acid  was  found  to 
contain  92*68  per  cent  of  silver,  showing  it  to  be  a  mixture  of  metallic  silver 
with  chloride  and  sub*  chloride. 
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roua  sulphate  and  then  adding  dilute  sulphuric  acid.  The 
shade  of  color  shown  by  any  particular  specimen  is  always  of 
interest,  because  as  before  mentioned,  it  modifies  the  effect 
exerted  upon  it  by  the  spectrum. 

Poiaasio-ferrous  oxalate. — The  now  well-known  "oxalate- de- 
veloper "  which  I  described;  in  this  Journal  some  years  ago, 
throws  down  from  silver  nitrate  a  black  powder;  this  precipi- 
tate treated  with  HCl  scarcely  alters  in  appearance,  but  washed 
and  boiled  with  dilute  nitric  acid,  changes  to  a  deep  purple. 

PyrogaUol  is  capable  of  leading  to  the  formation  of  photo- 
chloride.  When  ammoniacal  solution  of  silver  nitrate  is 
poured  into  solution  of  pyrogallol  in  water  made  strongly  acid 
with  HCl,  in  such  proportion  that  the  mixed  solutions  remain 
strongly  acid,  there  falls  a  grayish  product  which  by  washing 
and  treatment  with  hot  dilute  nitric  acid,  becomes  bright  pink. 

Ferrotis  oxide  differs  essentially  in  its  action  on  silver  solu- 
tions from  ferrous  sulphate.  A  silver  nitrate  solution  added 
to  one  of  ferrous  sulphate,  precipitates  gray  metallic  silver. 
But  if  potash  or  soda  is  first  added  to  the  ferrous  solution 
and  then  silver  nitrate  followed  by  HCl,  the  red  chloride  is 
formed  abundantly.  This  reaction  is  similar  to  that  already 
described  in  which  an  ammoniacal  solution  of  a  silver  is  added 
to  one  of  ferrous  sulphate. 

To  the  same  class  of  reactions  belongs  the  following :  silver 
K^arbonate  with  excess  of  sodium  carbonate  is  thrown  into  solu- 
tion of  ferric  sulphate,  and  after  standing  a  few  minutes  HCl 
in  excess  is  added.     The  silver  is  converted  into  red  chloride. 

It  seemed  possible  that  silver  itself  might  be  made  the  means 
of  reducing  its  chloride.  The  experiment  was  made  in  this 
way:  freshly  precipitated  and  still  moist  chloride  was  inti- 
matelj'  mixeni  with  metallic  silver  in  fine  powder  and  a  little 
water.  This  was  heated  till  the  water  boiled  and  nitric  acid 
was  added.  After  the  action  was  over  the  chloride  had 
assumed  a  deep  pink  color.  A  similar  result  is  obtained  with- 
out the  aid  of  neat,  but  the  resulting  color  is  much  paler. 

Analogous  to  this  is  the  following:  When  a  cake  of  fused 
silver  chloride  in  a  crucible  is  reduced  with  dilute  sulphuric 
acid  and  zinc,  if  the  reduction  is  interrupted  when  not  quite 
finished,  and  thp  metallic  silver  is  dissolved  out  with  hot  nitric 
acid,  the  residue  of  silver  chloride  will  be  found  to  be  pink. 

When  HCl  is  brought  into  contact  with  Ag  together  with  an 
oxidizing  agent  such  as  a  bichromate  or  permanganate,  it  gives 
rise  to  formation  of  colored  chloride.  These  I  have  not  spe- 
cially examined,  but  there  can  be  little  doubt  that  they  are 
identical  in  nature  with  the  foregoing.  So  too  when  silver  in 
contact  with  mixed  potassium  chloride  and  chlorate  is  cau- 
tiously treated  with  dilute  sulphuric  acid. 
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The  reactions  above  described  will  serve  to  show  ander  what 
a  vast  variety  of  conditions  the  photosalts  are  formed.  Most 
of  the  methods  here  described  represent  each  a  whole  class  of 
reactions,  all  resulting  in  the  same  general  way,  and  these 
classes  might  doubtless  be  largely  added  to.  Almost  any 
silver  solution  brought  into  contact  with  almost  any  reducing 
agent  and  then  treated  with  HCl,  gives  rise  to  the  formation  of 
photochloride.  Almost  any  chlorizing  influence  brought  to 
bear  on  metallic  silver,  has  the  same  result.  Or  when  silver  is 
brought  into  contact  with  almost  any  oxidizing  agent  and  HCl. 
It  may  be  said  without  exaggeration  that  the  number  of  reac- 
tions that  lead  to  the  formation  of  photochloride  is  much  larger 
than  that  of  those  leading  to  production  of  normal  chloride. 

Reactions  of  Photoc/iloride, 

Exposed  to  ordinary  diffuse  light  all  the  bright  shades  of 
silver  photochloride  quickly  change  to  purple  and  purple  black. 
The  darker  shades  are  more  slowly  influenced. 

Mercuric  chloride  gradually  changes  it  to  a  dirty  white. 

Mercuric  nitrate  dissolves  it  easily  and  completely,  but  ap- 
parently  with  decomposition,  as  it  can  only  be  recovered  as 
white  chloride. 

Potassic  chloride  seems  to  be  without  effect. 

Potassic  bromide  soon  converts  it  to  a  dull  lilac,  which  at 
the  end  of  twelve  hours,  showed  rib  further  change. 

In  contact  with  potassic  iodide  the  color  instantly  changes 
to  blue  gray;  this  change  is  produced  by  a  quantity  of  iodide 
too  small  to  dissolve  even  a  trace  of  silver;  the  filtrate  is  not 
darkened  by  ammonium  sulphide.  With  a  larger  quantity 
silver  is  dissolved  abundantly.  By  acting  with  renewed  iodide 
solution,  the  substance  continually  darkens  and  diminishes  until 
only  a  few  black  points,  barely  visible,  are  left. 

Treated  with  dilute  solution  of  potassium  chlorate  and  HCl, 
the  red  substance  gradually  passes  to  pink,  to  flesh  color,  and 
finally  to  pure  white. 

The  action  of  heat  on  the  photochloride  is  very  curious;  its 
tendency  is  generally  toward  redness.  Specimens  appearing 
quite  black,  are  rendered  distinctly  purple  or  chocolate  by  heat- 
ing to  212^  P.  in  a  drying  oven.  Often  when  the  substance  first 
separates  by  addition  of  HCl,  it  is  pure  gray ;  this  gray  will 
often  be  changed  to  pink  by  simply  healing  to  212**.  (This 
happens  when  a  gray  form  is  produced;  if  the  grayness  is  due 
to  admixed  metallic  silver,  it  is  only  removed  by  boiling  with 
nitric  acid.) 

The  somewhat  surprising  change  of  color  which  is  often  seen 
when  the  crude  substance  is  boiled  with  nitric  acid  (sometimes 
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from  dull  dark  gray  to  crimson^  is  due  to  three  concurrent 
actions :  that  of  the  mere  heat,  the  removal  of  the  silver,  and 
the  breaking  up  of  uncombined  subchloride. 

It  is  not  possible  to  dissolve  out  the  normal  chloride  by  a 
solvent  like  ammonium  chloride  from  the  photochlorides,  leav- 
ing the  subchloride  behind.  When  red  chloride  is  boiled  with 
successive  portions  of  strong  solution  of  ammonium  chloride  in 
large  excess,  the  material  gradually  diminishes  until,  if  the 
operation  is  continued  long  enough,  there  remains  a  small  resi- 
due of  a  warm  gray  color,  which  consists  of  metallic  silver  and 
dissolves  without  residue  in  nitric  acid. 

If  sodic  chloride  is  substituted  for  ammonium  chloride,  the 
same  result  follows,  except  that  the  operation  is  greatly  more 
tedious.  If  persevered  in  until  the  hot  solution  no  longer 
removes  traces  of  silver  chloride,  the  residue  consists  of  noth- 
ing but  metallic  silver. 

Action  of  Light  on  Normal  Silver  Chloride, 

When  silver  chloride  precipitated  with  excess  of  HCl  is 
exposed  to  light,  it  becomes  with  time  very  dark.  Cold,  strong, 
nitric  acid  1*36  sp.  gr.  extracts  a  trace  only  of  silver. 

The  principal  action  of  light  on  AgOl  (precipitated  in  pres- 
ence of  excess  HCl)  consists  in  the  formation  of  a  small  quan- 
tity of  subchloride  whi^h  enters  into  combination  with  the 
white  chloride  not  acted  upon,  forming  the  photochloride,  and 
thus  is  able  to  withstand  the  action  of  strong  nitric  acid.  At 
the  same  time  a  trace  is  formed,  either  of  metallic  silver  or  of 
uncombined  subchloride,  it  is  impossible  to  say  which.  After 
a  certain  very  moderate  quantity  of  photochloride  is  formed, 
the  action  of  light  seems  to  cease.  This  cessation  has  been 
noted  by  many  observers,  perhaps  most  exactly  by  Dr.  Spen- 
cer Newbury. 

The  nature  of  the  product  formed  by  the  continued  action 
of  light  on  silver  chloride  seems  to  support  the  conclusion  that 
the  subchloride  is  combined  with  the  whole  of  the  normal 
chloride  after  the  manner  of  lakes  rather  than  in  equivalent 
proportions.  *  If  the  latter  were  the  case  it  seems  probable  that 
the  continue<J  action  of  light  would  extend  to  much  greater 
decomposition  than  it  is  found  to  do. 

The  action  of  light  in  the  formation  of  the  so-called  latent 
image  will  be  examined  in  the  second  part  of  this  paper. 

Photobbomidb  and  Photoiodide. 

It  has  been  already  mentioned  that  bromine  and  iodine  form 
with  silver  combinations  in  all  respects  analogous  to  those  of 
chlorine.    A  more  particular  account  of  the  bromine  and  iodine 
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oompoands  must  wait  for  the  next  succeeding  number  of  this 
Journal ;  here  it  can  only  be  mentioned  that  these  substances 
are  formed  much  in  the  same  way  as  the  chlorine  compound. 
They  are  less  stable  than  it,  and  consequently  the  number  of 
reactions  that  lead  to  their  production  is  somewhat  more  lim- 
ited. Each,  however,  is  formed  in  a  great  variety  of  ways,  and 
with  the  same  ease  as  the  chloride.  In  color  they  are  for  the, 
most  part  indistinguishable  from  it,  but  exhibit  diflferent  reac- 
tions. 

Relations  op  Photochlobede  to  Heliochbohy. 

The  photochloride  was  examined  both  with  the  spectrum 
and  under  colored  glass.    • 

The  rose-colored  form  of  photochloride  was  that  which  gave 
the  best  effect.  In  the  violet  of  the  spectrum  it  assumed  a  pure 
violet  color,  in  the  blue  it  acquired  a  slate  blue,  in  green  and 
yellow  a  bleaching  influence  was  shown,  in  the  red  it  remained 
unchanged.  The  maximum  effect  was  about  the  line  F,  with 
another  maximum  at  the  end  of  the  visible  violet,  less  marked 
than  the  one  at  F. 

Under  colored  glass  the  colors  obtained  were  brighter;  under 
two  thicknesses  of  dark  ruby  glass,  the  red  became  brighter 
and  richer.  Under  blue  glass  some  specimens  gave  a  fair  blue, 
others  merely  gray.  Under  cobalt  a  deep  blue  was  easily  ob- 
tained, and  unoer  manganese  violet,  a  fine  violet,  v^ry  distinct  in 
shade  from  the  cobalt.  Green  prodnced  but  little  effect — 
yellow  was  sometimes  faintly  reproduced  but  rarely.  But  the 
yellow  glass  of  rommerce,  even  the  dark  yellow,  lets  through 
portions  of  nearly  the  whole  spectrum,  as  can  readily  be  seen 
oy  testing  it  with  the  spectroscope. 

Thedark  purple  forms  of  chloride  do  not  give  as  good  results 
as  the  rose  and  coppery  shades.  These  last  have  many  points 
of  resemblance  with  the  material  of  BecquerePs  films,  resem- 
blance of  color,  probably  of  composition,  as  far  as  we  can 
judge  of  the  constitution  of  those  films  from  their  origin  ;  they 
were  far  too  attenuated  to  admit  of  analysis;  and  resemblance 
in  the  curious  way  in  which  their  color  is  affected  by  heat,  so 
that  the  conclusion  seems  inevitable,  that  they  are  at  least 
closely  related. 

There  is  certainly  here  a  great  and  most  interesting  field  for 
experiment ;  hardly  any  two  specimens  of  photochloride  give 
exactly  the  same  results  with  colored  light,  and  this  suggests 
great  possibilities.  There  is  the  very  great  advantage  in  this 
method  over  any  previous,  that  the  material  is  easily  obtained 
in  any  desired  quantity  and  in  a  condition  most  favorable  for 
experiment 
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The  action  of  light  on  photochloride  can  be  a  good  deal 
affected  by  placing  other  substances  in  contact  with  it  Any 
substance  capable  of  giving  up  chlorine  seems  to  influence  the 
action  somewhat;  ferric  chloride  often  acts  favorably,  also 
stannic  and  cupric  chlorides. 

Evidently  an  important  point  in  all  heliochromic  processes  is 
that  as  white  light  must  be  represented  by  white  in  the  image, 
it  is  an  essential  condition  that  white  light  must  exert  a  bleach- 
ing action  on  ihe  sensitive  substance  employed.  Red  chloride 
does  not  bleach  but  darkens  in  white  light,  but  the  property 
of  bleaching,  to  a  very  considerable  extent  may  be  conferred 
on  it  by  certain  other  chlorides,  and  particularly  by  lead  chlo- 
ride and  zinc  chloride. 

This  I  look  upon  as  very  important. 

Another  matter  of  interest  is  exaltation  of  sensitiveness,  and 
this  I  find  is  accomplished  in  quite  a  remarkable  way  by 
sodium  salicylate,  the  presence  of  which  at  least  trebles  the 
the  action  of  light  on  these  substances.    And  probably  on  others. 

I  am  persuaded  that  in  the  reactions  which  have  been  here 
describea,  lies  the  future  of  heliochromy,  and  that  in  some  form 
or  other  this  beautiful  red  chloride  is  destined  to  lead  eventu- 
ally to  the  reproduction  of  natural  colors. 

Philadelphia,  March  23,  1887. 


Art.  XXXVIL — On  thelnter-Iielatum  of  Contemporaneous  Fossil 
^     Faunas  and  Floras;  by  Charles  A.  Whitb. 

It  is  apparent  to  every  paleontologist  who  aims  at  a  compre- 
hensive knowledge  of  his  subject  that  the  idea  which  has  here- 
tofore prevailed,  that  for  every  epoch  or  period  of  geological 
time  certain  characteristics  have  been  so  impressed  upon  every 
class  of  animals  and  plants  which  then  existed  that  their  re- 
mains, if  properly  investigated,  will  be  found  to  bear  intrinsic 
evidence  as  to  the  particular  epoch  in  which  they  respectively 
lived,  must  be  accepted  with  a  good  degree  of  qualification. 
We  ought  naturally  to  expect  to  find  that  the  rate  of  progress 
of  evolutional  differentiation  from  epoch  to  epoch  has  been  vari- 
able, when  comparisons  are  made  between  marine  faunas  on 
the  one  hand  and  continental  faunas  and  floras  on  the  other, 
because  the  conditions  under  which  they  respectively  lived  are 
so  different ;  but  it  is  scarcely  less  apparent  that  such  differences 
have  often  been  very  great  among  the  different  classes  which 
contemporaneous  continental  faunas  and  floras  have  embraced. 
In  a  former  publication  for  example*  I  have  shown  that  dino- 
*  See  this  Journal,  UI,  xzyi,  pp.  120-I23. 
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sauriaD  remains  of  Cretaceous  types,  moUuscan  remains  of  both 
Tertiary  and  living  types,  and  plant  remains  of  both  Tertiary 
and  living  species,  have  been  lound  in  such  intimate  associa- 
tion in  strata  of  the  Laramie  Group  as  to  indicate  that  they  all 
lived  contemporaneously.  In  another  publication*  I  have 
shown  that  remains  of  living  species  oi  land  mollusks  have 
been  found  associated  in  the  same  strata  with  those  of  extinct 

fenera  and  families  of  Miocene  vertebrates.  In  still  another,t 
have  shown  that  a  fresh-water  mulluscan  fauna,  nearly  all 
the  known  species  of  which  are  closely  related  to  living  forms, 
has  been  found  in  Jurassic  strata  associated  with  a  great  variety 
of  dinosaurian  remains. 

The  following  remarks  in  support  of  the  opinion  just  ad- 
vanced have  reference  to  other  cases  which  have  been  observed 
in  connection  with  the  great  series  of  intra-continental  strata 
which  is  found  occupying  a  large  region  in  the  western  part  of 
our  national  domain ;  the  vertical  range  of  the  series  being 
from  the  Laramie  Group  to  the  Bridger,  the  uppermost  of  the 
fresh  water  Eocene  Groups,  inclusive.^  This  series  is  one  of 
unusual  interest  because  of  its  intra-continental  origin,  of  its 
great  thickness  and  geographical  extent  for  a  series  of  such  an 
origin,  and  of  the  importance  of  the  fossil  remains  which  have 
been  collected  from  it.  Indeed  a  large  part  of  our  present 
knowledge  of  the  extinct  land  vertebrate  life  of  North  America 
has  been  derived  from  this  series  of  strata ;  and  yet  that  knowl- 
edge is  strikingly  imperfect  and  fragmentary.  It  is  of  course 
not  strange  that  any  record  of  extinct  vertebrate  life  should  be 
imperfect,  but  the  broken  character  of  this  one  is  the  more 
noteworthy  because  the  record  of  both  the  invertebrate  and 
plant  life  for  the  same  series  of  strata  and  within  the  same 
region,  seems  to  have  never  been  wholly  broken.  Besides  this 
evidence  of  the  continuity  of  invertebrate  and  plant  life  in  the 
series  referred  to,  studies  which  I  have  prosecuted  in  the  field, 
and  also  among  the  collections  which  have  from  time  to  time 
been  obtained  from  those  formations,  have  disclosed  satisfac- 
tory proof  that  for  the  whole  series  there  was  continuous  sedi- 
mentation within  a  large  area.§  How  large  that  area  was  has  not 
been  determined,  but  it  is  known  to  have  embraced  a  consid- 
erable part  of  central  and  northern  Utah. 

It  is  probable  also  that  in  northeastern  Montana  and  the 
adjacent  part  of  Dakota,  sedimentation  was  continuous  from 

♦BuU.  U.  S.  GeoL  Survey,  No.  18,  pp.  10-36. 

{Bull.  U.  S.  Geol.  Survey,  No.  29. 
For  a  tabular  exposition  of  the  principal  formations  of  the  Rocky  Mountain 
region,  showing  the  relations  of  this  series  to  other  formations,  see  Ann.  Report 
U.  S.  Geol.  Surv.  Terr,  for  1876,  p.  22. 
§  See  Bull.  U.  S.  Geol.  Survey,  No.  34. 

Am.  Jour.  Sol— Thied  Ssbibs,  Vol.  XXXm,  No.  197.— Mat,  1887. 
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the  Laramie  up  into  the  equivalent  of  the  Wasatch,  and  perhaps 
also  into  that  of  the  Green  River  Group.* 
^This  result  of  those  studies  makes  it  necessary  to  deny  the 
correctness  of  the  claim,  which  certain  authors  have  made, 
that  there  was  an  entire  stratigraphical  break  in  the  series  re- 
ferred to  at  the  close  of  the  Laramie  period.  Still,  it  is  not 
denied  that  the  Wasatch  strata  usually,  if  not  always,  rests 
unconformably,  if  at  all,  upon  the  strata  which  have  been 
called  the  Bear  River  Laramie ;  and  in  some  cases  also  upon 
other  Laramie  strata.  In  short  it  is  admitted  that  the  area  of 
continuous  sedimentation  was  materially  restricted  at  the  close 
of  the  Laramie  period  ;  but  it  was  not  wholly  interrupted  until 
the  close  of  the  Bridger  epoch. 

Besides  the  recognition  of  proof  that  sedimentation  was  con- 
tinuous throueh  the  whole  vertical  range  of  this  intra-conti- 
nental  series  of  deposits  within  at  least  certain  portions  of  the 
area  they  occupy,  the  studies  referred  to  have  resulted  in  show- 
ing that  certain  of  the  species  of  the  fresh-water  gill-bearing 
mollusca  of  the  Laramie  period  survived  into  the  Wasatch 
epoch  and  became  an  integral  part  of  the  then  existing  purely 
fresh-water  molluscan  fauna.t  Furthermore,  it  is  well  known 
that  certain  other  molluscan  species  range  through  the  whole 
fresh-water  Eocene  series,  from  the  Wasatch  to  the  Bridger 
Group,  inclusive.  Again,  Professor  Lester  F.  Ward  has  shown 
that  more  than  twenty  species  of  plants  are  common  to  the 
Laramie  and  Green  River  Groups ;  thus  indicating  that  a  large 
proportion  of  the  species  of  the  Laramie  flora  long  survived  the 
close  of  the  Laramie  period  and  mingled  with  the  floras  of  the 
succeeding  epochs. J 

Here  then,  we  have  what  is  regarded  as  satisfactory  proof 
that  the  stratigraphical  series  is  complete  from  the  Laramie  to 
the  Bridger  Group,  inclusive.  And  yet  within  the  vertical 
range  of  that  series  the  remains  of  several  distinct  land  verte- 
brate faunas  are  found,  which  are  not  only  widely  diverse 
in  their  characteristics,  but  seem  to  have  been  introduced 
and  extinguished  with  a  suddenness  that  has  left  us  with  little 
or  nothing  learned  concerning  either  their  ancestry  or  their 
progeny.  Indeed,  a  considerable  proportion  of  tl)e  fossil  verte- 
brate faunas  which  have  been  discovered  in  the  North  Ameri- 
can Mesozoic  and  Cenozoic  strata  are  so  clearly  defined  from 
one  another  by  their  own  distinguishing  characteristics  that 
they  appear  to  have  been  suddenly  introduced  and  as  suddenly 
extinguished.     Moreover  the  diflFerences  in  the  characteristics 

•See  Bull.  U.  S.  Geol.  Survey  No.  34,  pp.  16, 17;  also  this  Journal,  HI,  xxr, 
pp.  -411-413. 
f  Bull.  U.  S.  Geol.  Survey,  No.  34. 
J  Sixth  Ann.  Report  Director  U.  S.  Geol.  Survey ;  table  covering  pp.  443-514. 
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of  these  faunas  is  very  great,  even  when  they  are  found  to 
occupy  stratigraphical  horizons  so  closely  approximating  each 
other  as  to  indicate  that  they  were  not  separated  by  any  con- 
siderable interval  of  time.  This  condition  of  things  is  suffi- 
ciently perplexing  from  a  purely  zoological  point  of  view,  but 
it  assumes  an  additionally  serious  aspect  when  these  sudden 
appearances  and  disappearances  of  peculiar  faunas  are  used  as 
indices  of  the  exact  limits  of  geological  epochs. 

While  it  is  clear  that  many  faunas  may  have  been  rapidly 
extinguished  by  sudden  changes  in  their  environment,  we  cannot 
admit  that  any  have  been  introduced  into  a  given  area  with 
anything  like  the  suddenness  that  is  indicated  for  certain  of 
the  faunas  presently  to  be  mentioned,  except  by  some  physical 
change  that  should  cause  the  enlargement  of  the  area  previ- 
ously occupied  by  such  a  fauna,  or  its  transference  from  one 
region  to  another.  That  is,  it  is  assumed  that  in  case  a  distinct 
fauna  has  been  suddenly  introduced  into  any  given  region,  it 
has  been  by  transference  from  some  other  region  which  it  had 
previously  occupied,  and  where  its  evolution  had  been  accom- 
plished. 

The  first  of  the  vertebrate  fauna  which  I  shall  mention  in 
this  connection  is  that  of  the  Dinosauria  of  the  Laramie  Group. 
This  is  the  latest  dinosaurian  fauna  which  is  known  to  have 
existed  upon  the  North  American  continent,  and  it  is  probably 
the  very  latest  that  existed  upon  the  earth.  Its  remains  are 
comparatively  rare,  although  large  and  characteristic  forms 
existed  until  the  close  of  the  Laramie  period.  These  dino- 
saurian remains  are  the  only  fossils  yet  found  in  the  Laramie 
Group  upon  which  has  been  based  the  claim  that  it  is  of  Cre- 
taceous age;  and  the  character  of  the  plant  and  invertebrate 
remains  in  the  same  formation  is  such  that  but  for  the  presence 
of  the  dinosaurs  no  one  would  have  thought  of  referring  it  to 
any  Mesozoic  period.  The  few  remains  of  dinosaurs  that  have 
been  found  in  the  Laramie  Group  range  np  to  its  uppermost 
strata,  and  the  extinction  of  those  forms  seems  to  have  been 
simultaneous  with  that  of  the  brackish  water  mollusca  whose 
remains  characterize  the  Laramie  Group,  so  far  as  its  inverte- 
brate fauna  is  concerned. 

Professor  Cope  has  published  an  important  mammalian  fauna 
from  certain  strata  in  New  Mexico,  which  he  designates  as  the 
Puerco  Group,  the  position  of  which  is  between  characteristic 
Laramie  strata  beneath,  and  equally  characteristic  Wasatch 
strata  above.  These  Puerco  strata  were  originally  referred  to 
the  Wasatch  Group  and,  as  they  are  also  of  fresh  water  origin, 
and  not  widely  different  in  lithological  character  from  those  of 
the  Wasatch,  which  rest  conformably  upon  them,  it  is  not 
probable  that  any  other  designation   would  have  been  given 
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them  if  they  had  not  been  found  to  contain  the  vertebrate 
remains  in  question.*  According  to  Professor  Cope  this 
Puerco  fauna  is,  as  a  whole,  quite  unlike  any  vertebrate  fauna 
that  is  now  known  to  have  either  preceded  or  followed  it  upon 
this  continent ;  although  certain  oi  its  types  are  related  to  some 
that  are  found  in  the  Laramie  and  Wasatch  Groups  respectively. 
Still,  in  consequence  of  the  presence  of  certain  types  which  he 
regards  as  Mesozoic,  Professor  Cope  thinks  the  fauna  possesses 
more  of  a  Cretaceous,  than  of  a  Tertiary  character.  The 
lowest  strata  in  which  the  remains  of  this  fauna  have  yet  been 
found  closely  coincide  in  position  with  the  top  of  the  Laramie 
Group ;  and  they  disappear  suddenly  upon  a  certain  higher 
horizon  which  seems  to  come  within  the  basal  portion  of  the 
Wasatch  Group.  Moreover,  the  known  area  within  which 
this  Puerco  fauna  has  been  found  is  only  a  small  part  of  that 
within  which  the  Laramie  and  Wasaich  groups  occur.  That 
is,  the  Puerco  fauna  has  not  been  recognized  at  the  majority  of 
the  localities  where  the  Wasatch  has  been  found  overlying  the 
Laramie.  In  some  of  the  latter  cases  the  two  formations  have 
been  found  to  be  closely  connected,  not  only  by  strict  con- 
formity of  the  strata,  but  also  by  an  intermingling  of  their 
molluscan'  faunas;  and  in  none  of  them  has  any  indication  of 
a  missing  formation  been  observed. 

The  next  vertebrate  fauna  to  be  considered  is  that  of  the 
Wasatch  Group,  which  is  a  remarkable  one  for  its  abundant 
variety  and  diversity  of  forms.  All  persons  who  have  studied 
this  fauna  agree  in  regarding  it  as  of  Eocene  age,  including  as 
it  does  Coryphodont  and  other  distinctly  Eocene  types.  With 
this  reference  the  plant  and  vertebrate  forms  agree,  except  that 
some  of  the  former  have  been  regarded  as  of  later  Tertiary 
types.  The  Coryphodont  and  other  Eocene  vertebrate  remains 
referred  to  have  been  found  in  the  lowermost  of  the  Wasatch 
strata  as  well  as  at  higher  horizons  in  the  group,  and,  as  before 
said,  some  of  the  Laramie  dinosaurs  have  been  found  in  the 
uppermost  strata  of  the  latter  group. 

Above  the  Wasatch  Group  proper,  the  Coryphodonts  soon 
disappear,  and  other  changes  in  the  Eocene  vertebrate  fauna 
gradually  take  place  up  to  the  close  of  the  Bridger  Group. 
Above  the  Bridger  Group  the  vertical  continuity  of  the  intra- 
continental  Tertiary  deposits  of  that  western  region  is  broken. 
That  is,  the  later  fresh  water  Tertiary  deposits  were  formed  in 
isolated  basins,  and  they  therefore  do  not  constitute  part  of  a 
continuous  series,  with  that  of  the  preceding  deposits.  Conse- 
quently the  geological  age  of  those  later  deposits  must  be 
determined  by  means  of  their  fossil  contents  alone,  without  the 

*  For  a  concise  account  of  fhe  Puerco  by  Professor  Cope,  see  Am.  Naturaliit» 
ziz,  p.  985.    See  also  same  volume,  pp.  386  and  493. 
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aid  of  known  stratigraphical  continuity.  As  my  present  object 
18  to  discuss  certain  of  the  faunas  of  the  preceding  formations 
with  relation  to  the  order  in  which  the  latter  were  deposited, 
those  later  Tertiary  deposits  will  not  be  further  considered  on 
this  occasion. 

What  we  now  know  of  the  order  of  succession  of  the  verte- 
brate faunas  which  have  inhabited  that  western  region,  so  far 
as  that  knowledge  is  necessary  to  the  present  discussion,  may 
be  briefly  summed  up  as  follows :  Dinosaurian  life  continued 
until  the  close  of  the  Laramie  period  and  then  suddenly  ceased. 
The  Puerco  mammalian  fauna  was  suddenly  introduced  within 
the  limited  area  where  its  remains  have  been  found,  and  as 
suddenly  extinguished  there  about  the  close  of  the  Laramie 
period  or  the  beginning  of  the  Wasatch.  The  Wasatch  mam- 
malian fauna  was  suddenly  introduced  in  the  region  under  dis- 
cussion at  the  close  of  the  Laramie  period  and  coincident,  or 
nearly  so,  with  the  extinction  of  the  dinosaurs  or,  at  latest, 
with  that  of  the  Puerco  mammals. 

The  dinosaurs  of  the  Laramie  period  were  evidently  not 
materially  different  in  general  character  from  those  of  the  pre- 
ceding periods ;  and  there  is  no  rea*^on  to  doubt  that  they  were 
direct  descendants  of  the  latter.  They  found  a  congenial  habi- 
tat upon  the  borders  of  a  great  inland  sea  in  the  deposits  of 
which  their  remains  are  found,  and  until  the  Puerco  mamma- 
lian fauna  was  introduced  into  a  part  of  the  region  which  they 
occupied.  They  also  appear  to  have  continued  their  existence 
in  at  least  certain  parts  of  their  former  habitat  after  the  intro- 
duction of  the  Puerco  fauna,  and  until  the  introduction  of  the 
Wasatch  mammalian  fauna  into  the  same  region.  We  have  no 
positive  evidence  that  the  Laramie  dinosaurs  continued  their 
existence  in  direct  association  with  either  the  Puerco  or 
Wasatch  mammalian  faunas,  because  no  Dinosaurian  remains 
have  been  found  associated  with  those  of  either  of  the  faunas 
named.  The  probabilities  are  that  the  dinosaurs  met  their 
extinction  in  the  struggle  for  existence  which  ensued  upon 
.the  iptroduction  of  one  or  both  the  mammalian  faunas  just 
mentioned. 

Now  it  seems  necessary  to  infer  that  these  changes  in  the 
character  and  continuity  of  vertebrate  life  were  mainly  due  to 
important  changes  which  from  time  to  time  took  place  in  the 
physical  conditions  of  the  continent;  And  yet  it  is  evident 
that  those  physical  changes  were  not  sufficient  to  interrupt  the 
continuity  of  either  the  invertebrate  or  plant  life  in  the  same 
region,  nor  to  wholly  interrupt  the  continuity  of  sedimentation 
in  th6  intra-continental  waters.  In  short  it  is  quite  evident 
that  the  land  vertebrate  life  of  North  America  has  been  sub- 
ject fo  certain  influences  which  effected  great  changes  in,  and 
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DO  doubt  caused  many  extinctions  as  well  as  dispersions  of  ita 
faunas,  but  which  produced  little  or  no  effect  upon  at  least  a 
considerable  part  of  the  contemporaneous  plant  and  inverte- 
brate life.  Concerning  the  nature  of  those  changes  which  thus 
affected  vertebrate  life  our  present  knowledge  is  quite  limited^ 
and  much  is  therefore  left  to  conjecture.  The  suddenness,  how- 
ever, with  which  the  remains  of  land  vertebrates  have  succes- 
sively appeared  within  a  great  unbroken  series  of  intra-conti- 
nenial  strata  seems  to  make  it  necessary  to  conclude  that  one 
of  the  results  of  those  changes  was  the  removal  from  time  ta 
time  of  certain  physical  barriers  which  previously  restricted 
the  dispersion  of  those  faunas  respectively.' 

I  have  already  given  my  reasons  for  believing  that  the  sedi- 
mentation of  that  great  series  of  strata,  from  the  Laramie  to 
the  Bridger  Group  inclusive,  was  at  no  time  everywhere  en- 
tirely interrupted,  and  that  there  was  for  the  whole  time,  and 
within  the  region  where  that  series  was  deposited,  an  unbroken 
continuity  of  invertebrate  and  plant  life.  If  these  conditions 
actually  existed  we  must  necessarily  conclude  that  the  Puerco 
and  Wasatch  mammalian  faunas  were  both  suddenly  and  inde- 
pendently introduced  into  the  region  where  they  are  now 
found,  from  some  other  region  where  they  previously  existed. 

This  view  of  the  case  shows  the  impropriety  of  regarding 
the  earliest  strata  in  which  the  remains  of  a  certain  fauna  hap- 
pen to  be  found  as  indicating  the  exact  time  of  the  ushering^ 
m  of  the  epoch  to  which  that  fauna  is  assumed  to  belong.  For 
example,  it  is  claimed  by  those  who  have  studied  the  verte- 
brate faunas  of  the  Puerco  and  Laramie  groups  that  they  ought 
to  be  referred  lo  the  Ci'etaceous  period  ;  and  they  are  equally 
positive  that  the  Wasatch  Group  should  be  referred  to  the 
Jlocene.  Now  the  dinosaurian  remains  of  the  Laramie  are 
known  to  range  up  to  the  uppermost  strata  of  that  group ;  and 
many  of  ihose  of  the  Coryphodonts  and  other  Eocene  mam- 
mals have  been  found  in  the  lowermost  strata  of  the  Wasatch. 
So  closely  do  these  two  fossiliferous  horizons  come  together, 
and  so  evident  is  it  that  sedimentation  was  continuous  from 
the  one  to  the  other,  we  cannot  assume  that  any  considerable 
time  elapsed  between  the  deposition  of  the  latest  strata  of  the 
one  group  and  that  of  the  earliest  strata  of  the  other,  notwith- 
standing the  intervention  of  the  Puerco  fauna  in  a  part  of  the 
region  where  both  the  Wasatch  and  Laramie  Groups  are  found* 

Here  then,  we  find  the  remains  of  Cretaceous  dinosaurs,  of  a 
unique  mammalian  fauna,  and  of  a  distinctively  Eocene  mam- 
malian fauna,  all  in  an  unbroken  series  of  deposits,  each  occupy- 
ing separate  horizons  which  so  closely  approximate  each^ther 
that  it  is  evident  sufficient  time  did  not  elapse  during  the  de- 
position of  that  portion  of  the  stratigraphical  series  to  have 
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allowed  the  successive  evolution  of  the  faunas  in  question. 
We  must  therefore  assume  that  at  least  the  Puerco  and  Wa» 
satch  mammalia  were  developed  somewhere  else,  and  that  they 
were  respectively  transferred  to  the  region  in  which  their  re- 
mains a*Ve  now  found. 

The  Puerco  fauna  is  so  unique  in  character  that,  with  our 
present  limited  knowledge  of  it,  and  our  present  methods  of 
paleontological  study,  it  appears  to  mark  an  epoch  in  the  his- 
tory of  vertebrate  life  of  North  America  of  which  the  inverte- 
brate and  plant  remains,  and  the  stratigrapjjical  condition  of 
the  series  of  deposits  in  which  they  occur,  give  no  indication. 

At  present  also  we  know  nothing  of  the  immediate  ances- 
try of  the  Wasatch  mammalian  fauna,  but  in  view  of  its  highly 
developed,  diversified  and  distinctive  character,  we  must  con- 
clude that  it  existed  somewhere,  possessing  essentially  the  same 
characteristics  which  its  known  remains  now  exhibit,  long 
before  the  earliest  Wasatch  strata  were  deposited.  The  strati- 
graphical  conditions  before  referred  to  indicate  so  short  a  time 
for  the  deposition  of  the  strata  within  the  vertical  range  of 
which  the  remains  of  these  three  faunas  are  found,  that  it  also 
seems  necessary  to  conclude  that  the  Wasatch  fauna  existed 
somewhere  contemporaneously  with  the  Puerco  mammalia 
from  which  it  diflfers  so  much,  and  also  contemporaneously 
with  the  Laramie  dinosaurs,  from  which  it  diflFers  far  more 
widely.  The  conclusion  therefore  seems  to  be  irresistible  that 
the  faunal  types  which  are  regarded  as  diagnostic  of  the  Eocene 
period  existed  contemporaneously  with  those  which  are  equally 
diagnostic  of  the  Cretaceous  period. 

That  faunas  and  floras  of  Cretaceous  and  Tertiary  types 
should  have  existed  contemporaneously  is  not  strange,  for  a 
similar  diversity  now  exists  as  regards  the  living  faunas  and 
floras  of  different  parts  of  the  world;  and  they  have  doubtless 
existed  in  a  greater  or  less  degree  ever  since  animals  and  plants 
came  to  be  widely  diflferentiated.  It  is  strange,  however,  that 
this  latter  fact  should  be  so  often  ignored  in  discussions  of  the 
relative  ages  of  extinct  faunas  and  floras. 

The  foregoing  remarks  are  confined  mainly  to  cases  in  which 
continental  faunas  and  floras  are  compared  with  each  other, 
and  with  reference  to  the  usually  accepted  paleontological 
standard.  The  following  remarks  are  made  with  reference 
to  the  fossil  faunas  and  floras  of  the  gieat  intra-continental 
deposits  of  North  America,  as  compared  with  those  of  presum- 
ably contemporaneous  sea  coast  deposits.  Ever  since  the  pub- 
lication of  my  views  as  to  the  inland  character  of  the  sea  in 
which  the  strata  of  the  Laramie  Group  were  deposited,  they 
seem  to  have  been  accepted  without  serious  question ;  and  the 
purely  fresh- water  character  of  the  deposits  which  succeeded 
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the  Laramie,  admits  of  no  doubt  as  to  their  lacastrine  origin. 
I  have  therefore  referred  to  these  as  intra-continental  deposits, 
and  to  the  remains  which  they  bear  as  those  of  continental 
faunas  and  floras,  as  contrasted  with  marine  faunas.  The  term 
sea  coast  deposits  is  used  in  contrast  with  the  forementioned 
term  which  is  applied  to  the  other  deposits,  and  by  it  is  of 
course  meant  the  well  known  marine  strata,  the  order  of  super- 
position of  which  can  be  more  or  less  satisfactorily  traced  from 
the  earlier  to  the  later  geological  epochs. 

Because  of  th^  isolation  of  the  intra-continental  deposits 
they  can  have  no  place  in  any  observed  order  of  superposition 
among  marine  deposits,  and  for  this  reason  they  must  there- 
fore be  studied-  separately.  The  great  difference  also  between 
.the  aqueous  faunas  of  the  fresh  and  brackish  waters  respec- 
tively in  which  the  former  deposits  were  made,  and  those  of 
marine  waters,  makes  a  chronological  comparison  of  the  two 
categories  of  deposits,  by  such  means,  a  matter  of  great  uncer- 
tainty. This  is  an  additional  reason  for  their  separate  study 
until  satisfactory  data  can  be  obtained  for  their  correlation  with 
marine  formations.  While  I  believe  that  such  correlation,  if 
ever  eflfected,  must  be  based  mainly  upon  paleontoiogical  data, 
we  ought  to  expect  much  aid  from  lithology  and  physical 
geology,  especially  v/hen  studied  in  connection  with  paleon- 
tology. 

Pursuing  a  consideration  of  the  latter  subject  we  may  rea- 
sonably infer  that  certain  species  among  the  land  faunas  and 
floras  have  occupied  the  region  between  any  given  inland 
sea  or  lake  on  the  one  hand,  and  the  open  sea  on  the  other, 
across  the  whole  intervening  region,  unless  there  were  known 
physical  obstacles  to  such  dispersion.  Therefore  the  remains 
of  such  species  might  easily  occur  in  both  inland  and  coast 
deposits.  That  is,  remains  of  the  same  species  of  land  animals 
and  plants  may  have  been  entombed- in  lacustrine  deposits  on 
the  one  hand  and  estuary  deposits  along  the  sea  coast  on  the 
other,  the  species  having  occupied  the  whole  of  the  interven- 
ing land  area.  The  contemporaneity  of  such  deposits  would 
be  thereby  apparent ;  and  in  my  estimation  such  evidence 
would  be  more  conclusive  than  any  other. 

Still,  as  a  matter  of  fact,  no  correlations  of  intra-continental, 
with  sea  coast  deposits  of  North  America  have  yet  been  accom- 

flished  either  by  such  means,  or  by  any  other  practical  method. 
t  is  nevertheless  true  that  most  of  the  authors  who  have  writ- 
ten upon  the  formations  in  question  have  referred  both  the 
inland  and  sea  coast  series  to  respective  subdivisions  of  the 
geological  scale  which  was  originally  established  tot  Europe, 
and  supposed  to  be  of  universal  application,  with  a  confidence 
which  is  onlv  warranted  by  positive  knowledge.     For  example. 
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certain  deposits  along  our  sea  coasts  are  referred  with  confi- 
dence by  most  paleontologists  to  the  Eocene,  Miocene  and 
Pliocene  epochs  respectively,  as  those  epochs  are  recognized 
among  European  formations.  Certain  of  our  great  intra-contt- 
nental  deposits  are  also  referred  to  those  three  epochs  with 
equal  confidence ;  and  yet  no  direct  paleontological  proof  has 
been  adduced  that  any  one  deposit  of  either  of  these  two  North 
American  series  was,  even  approximately,  contemporaneous 
with  any  one  of  the  other  series.  By  direct  proof  I  of  course 
mean  that  which  is  furnished  by  specific  identification  of  fossil 
remains  or  derived  from  well  comprehended  phenomena  of 
physical  changes,  as  contrasted  with  theoretical  inferences  de- 
rived from  a  foreign  standard,  and  assumed  to  be  of  ri^id 
application  here.  Still,  in  view  of  the  reasonable  hope  that 
great  discoveries  of  fossil  continental  faunas  and  fioras  are  yet 
to  be  made,  and  much  concerning  the  physical  geology  of  the 
continent  is  yet  to  be  learned,  we  ought  not  to  despair  of  ob- 
taining some  of  the  direct  proof  which  is  so  desirable.  An 
encouraging  fact  in  this  direction  is  the  one  lately  pointed  out 
by  Professor  Ward  that  four  of  the  species  of  plants  which 
occur  in  the  Laramie  Group  occur  also  in  the  Lignitic  deposits 
of  the  marine  Tertiary  series  of  the  Gulf  States;*  and  when 
the  rossil  floras  of  the  continent  are  thoroughly  known,  much 
more  information  of  this  kind  may  be  expected  from  them. 

Now  in  case  the  specific  identifications  referred  to  should  be 
made,  and  the  contemporaneity  of  the  formations  be  thereby 
proved,  what  effect  ought  that  circumstance  to  have  upon  the 
nomenclature  of  formations  already  recognized  and  named? 
For  example,  the  Laramie  formation  was  deposited  in  a  great 
brackish -water  inland  sea,  and  it  contains  a  characteristic  aque- 
ous fauna  which  is  distinct  from  that  of  any  other  known 
formation.  Other  deposits  were  of  course  simultaneously 
formed  along  the  sea  coasts,  and  perhaps  upow  other  parts  of 
the  continent  also,  all  of  which  contain,  remains  of  faunas  that, 
so  far  as  known,  differ  materially  from  those  of  the  Laramie, 
and  also  from  each  other.  Among  those  which  probably  con- 
tain a  flora  similar  to  chat  of  the  Laramie  are  the  Eocene  Lig- 
nitic of  the  Gulf  States,  and  certain  deposits  upon  ihe  Pacific 
Coast  in  Washington  Territory,  which  have  been  investigated 
to  some  extent  by  Professor  Newberry.  Among  the  marine 
formations  which  were  deposited  simultaneously  with  the 
Laramie,  is  almost  certainly  a  part  of  the  Chico-T^jon  series  of 
California. 

•  In  view  of  the  extent  and  importance  of  the  intra-continental 
deposits  of  North  America,  and  the  radical  differences  of  their 
fossil  remains  from  those  of  the  marine  formations,  it  is  plain 

♦Sixth  Ann.  Report  Director  U.  S.  GeoU  Survey,  p.  529. 
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that  we  must  range  the  formations  of  this  continent  tinder  two 
separate  categories,  the  nomenclature  of  each  of  which  should 
be  kept  distinct,  even  after  their  contemporaneity  may  have 
been  ascertained.  Furthermore,  correlations  between  the  two 
categories  should  be  based  primarily  upon  phenomena  observed 
or  observable  upon  this  continent,  for  it  is  now  evident  that  no 
foreign  standard  will  be  found  adequate  for  this  purpose. 


Art.  XKXYHL—The  Eozoonal  Rock  of  Manhattan  Island; 
by  L.  P.  Gratacap. 

A  BED  of  serpentine  rock  bordering  the  western  margin  of 
New  York  Island  between  56th  street  and  60th  street,  and 
now  for  the  most  part  built  over,  some  years  ago  awakened  a 
momentary  interest  from  its  display  of  strips  of  ophio-calcite 
which  resembled  the  eozoonal  beds  of  Canada,  and  led  to  some 
surmises  as  to  their  organic  character.  This  area  of  serpenti- 
nous  rock,  forming  a  band  enclosed  on  the  west  and  east  by 
mica  schists  or  a  highly  micaceous  gneiss  and  limited  south- 
ward by  a  broad  outcropping  of  granite,  is  gradually  disappear- 
ing from  view  and  may  at  any  time  become  an  aflGair  of  local 
record.  At  present  its  best  exposure  is  on  the  north  side  of 
69th  street  between  10th  and  11th  avenues,  and  it  can  be  traced 
to  near  56th  street,  by  isolated  knobs  appearing  above  the  level 
of  the  sidewalk  and  in  back  yards.  It  was  recently  uncovered 
to  some  extent  when  the  cisterns  for  the  immense  gas-holders  of 
Equitable  Gaslight  Company  were  being  constructed,  and  some 
examinations  then  made  both  of  the  rock  in  place  and  of 
microscopic  sections,  may  prove  of  interest  in  view  of  the  gen- 
eral attention  given  to  the  discussion  of  the  origin  of  serpentine, 
a  discussion  which  seems  to  widen ;  and  to  which  the  later  con- 
tributions by  Dr.  Becker*  would  seem  to  give  a  new  impetus. 

This  outcropping  of  serpentine  is  intimately  associated  with 
and  intermingles  with  an  acicular  fibrous  partially  altered 
hornblende  or  actinolite,  the  hydrous  anthophyllite  of  Dana. 
Frpm  this  area  were  derived  the  numerous  bowlders  of  this 
rock  which  are  found  to  the  south  as  far  as  the  northern  mar- 
gins of  Long  Island.  Dr.  L.  D.  Gale,  as  quoted  by  Mather,f 
describes  this  anthophyllite  locality  in  the  following  words: 
"This  rock  extends  from  59th  street  following  the  strike,  which 
is  N.  30°  E. ;  varies  from  this  to  due  north  and  south  as  far  as 
63d  street,  where  it  dips  down  and  disappears  below  the  river. 

♦  Cretaceous  Metamorphic  Rocks  of  Califoraia,  by  G.  P.  Becker,  this  Journal^ 
zxzi,  p.  348. 
t  Geological  Survey  of  New  York,  Pt.  4,  p.  681. 
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The  rock  varies  considerably  in  character  in  diflFerent  places 
where  it  has*  been  uncovered,  and  occupies  a  series  of  conical 
hills  some  five  or  six  in  number,  distributed  in  a  northerly 
and  southerly  direction.  In  some  places,  as  at  60th  street,  it  is 
talcose  in  structure,  and  may  be  split  into  thin  slabs;  in  others 
it  is  dark  gray,  almost  black,  composed  of  straight  fibers 
arranged  in  a  columnar  form,  meeting  and  crossing  each  other 
frequently  at  right  angles/*  He  further  says,  **  it  is  remark- 
able that  the  granite  lying  on  the  west  and  the  gneiss  on  the 
east  of  the  rock  in  question,  come  in  complete  contact  with  it 
without  intermixing.  So  remarkable  is  the  line  of  separation 
on  the  side  next  to  the  gneiss,  where  there  is  the  best  oppor- 
tunity to  examine  the  two,  that  within  the  space  of  three 
inches,  each  rock  possesses  all  of  its  own  peculiarities,  with 
none  of  those  of  its  neighbor."  In  speaking  of  the  serpent! lie, 
he  says,  'mu  the  same  vicinity  are  found  masses  of  serpentine 
and  limestone  intermixed  exhibiting  a  porphyritic  appearance, 
the  serpentine  appearing  green  and  the  limestone  white;"  this 
refers  to  the  eozoonal-like  portions  which  would  seem,  so  far  as 
their  microscopic  appearance  goes,  to  easily  warrant  their  refer* 
ence  to  a  close  relationship  with  the  Canadian  rock  containing 
that  debateable  organism. 

Cozzens,  in  his  Geological  History  of  Manhattan  or  New 
York  Island  (1848),  p.  12,  refers  to  this  locality,  saying,  *' be- 
tween 54th  and  62d  streets,  the  shore  and  10th  avenue,  there 
are  four  or  more  small  knolls  of  black  serpentine,  with  scales 
of  silvery  or  golden  talc,  accompanied  by  a  vein  of  anthophyllite 
about  twelve  feet  wide.  This  vein  is  in  a  vertical  position. 
At  the  north  end  of  the  serpentine  proper,  this  anthophyllite 
shows  itself  in  two  places,  in  'place;  one,  on  the  rising  ground, 
and  near  the  sienite,  the  other  at  high-water  mark  on  the  shore. 
Actinolite  is  found  imbedded  in  the  anthophyllite.  The  ser- 
pentine locality  commences  where  the  granite  ends.  At  the 
south  end  there  is  a  vein  of  carbonate  of  lime.  This  carbonate 
of  lime  has  many  small  specks  of  serpentine  difi'used  through 
it,  and  forms  a  kind  of  *  verd  antique,'  which,  when  polished, 
makes  handsome  specimena'^ 

These  early  ctbservers  speak  of  the  association  of  the  serpen- 
tine with  hydrous  anthophyllite,  and  this  association  points 
significantly  to  the  origin  of  the  serpentine  itself.  This  bed  of 
serpentine  is  in  all  probability  an  altered  amphibole  or  horn- 
blende schist  and  the  **  porphyritic,"  "  verde  antique,"  eozoonal 
portions,  the  products  of  such,  are  alterations  produced  under 
conditions  of  strain  and  pressure,  accompanied  by  aqueous 
in61trations.  I  have  not  seen  the  vein  of  anthophyllite 
alluded  to  above,  but  on  visiting  the  locality  on  59th  street, 
where  a  ledge  rises  up  in  a  mound-like  prominence,  I  found 
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anthophyllite  in  masses,  apparently  recently  blasted  and  re- 
movea  from  their  beds  of  place,  with  which  was  seen  actinolite 
largely  serpen tinized.  An  examination  of  the  hill  showed  a 
vertical  face  where  Eozoon  structure  (ophio-calcite)  was  seen  at 
a  number  of  points.  It  appeared  in  seam-like  bands,  expand- 
ing in  some  places  and  contracting  at  others,  forming  an  irreg- 
ular scattered  prolongation  of  parts,  varying  in  grain  from  fine 
to  coarse,  thp  former  accompanying  an  apparent  flexure  or 
contortion  of  the  original  stratum.  On  the  south  side  of  69th 
street,  where  the  excavations  were  being  made,  mentioned 
above,  an  exposure  of  the  serpentine  bed  was  accessible  where 
the  ophio-calcite  was  seen,  frequently  presenting  a  seam-like 
appearance,  contracting  to  narrow  bands  and  again  developed 
in  broader  sections,  while  sometimes  it  sporadically  occupied 
nests  or  spots  enclosed  in  the  surrounding  rock.  Away  from 
these  parts  the  serpentine  was  fibrous  or  micaceous. 

Should  any  one  feel  disposed  to  refer  these  eozoonal-like 
portions  (tig.  7)  to  an  organic  origin,  the  extended  irregular 


vein-like  parallel  strips,  which  they  present,  would  form  a 
seemingly  strong  objection  to  such  a  reference.  Coralline 
bodies  occur  in  reefs  or  reef-like  lines,  but  this  mosaic  of  ser- 
pentine and  calcite  has  nothing  coralline  about  it  in  any  sense, 
and  when  placed,  as  it  only  can  be  placed,  on  the  assumption 
of  its  zoological  affinities,  with  the  protozoa  or  metazoa,  it 
repels  all  analogies  with  any  thing  in  those  classes  of  animal 
life,  by  its  linear  extent,  the  actual  length  of  these  broken 
strings  of  ophio-calcite,  being  in  the  exposed  sections,  from  10 
to  20  feet.* 
The  films  of  this  "  verde  antique ''  are  not  horizontal,  but 

*  It  is  true  that  Professor  Hyatt  (Science,  vol  vi,  p.  386)  speaks  of  spongoid 
bodies  ArchcBocyathw^  Ethmophyltum,  etc.,  as  probably  the  reef-builders  of  the 
primordial  seas,  so  that  linear  extent  merely  might  not  preclude  the  possibility^  of 
the  eozoonal  rock  being  referred  to  an  organic  origin.  But  when  in  connection 
with  their  length  these  eozoonal  veins  have  only  a  moderate  width  of  a  few 
inches  their  reference  to  the  reef-like  masses  of  sponges  seems  incredible. 
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rise  and  fall  as  if  they  had  undergone  plication,  bat  so  stronsly 
do  they  suggest  the  quartz  or  granite  veins  found  in  the  folded 
gneiss  layers  of  the  island,  that  their  origin  may  be  connected 
with  this  very  plication,  the  incipient  change  in  the  original 
hornblende  schist  having  been  induced  at  the  moment  of  fold- 
ing, the  alteration  involving  the  change  of  the  hornblende  to 
serpentine,  with  the  exclusion  of  lime,  which  through  the 
action  of  percolating  waters  finally  filled  the  interstitial  spaces 
as  calcite. 

An  examination* of  the  thin  microscope  slides,  made  of  sec- 
tions of  this  ophio-calcite,  proved  very  satisfactorily  the  change 
of  the  hornblende  into  serpentine,  threw  some  light  upon  the 
process  of  change,  and  lent  some  support  to  the  view  of  the 
segregated  character  of  the  calcite. 

Groups  of  hornblende  crystals  were  constantly  encountered 
surrounded  by  the  serpentine  (figs.  6,  6),  while  in  these,  phases 


of  alteration  were  detected  and  separated.  The  change  of  the 
hornblende  to  serpentine  seemed  to  be  frequently  preceded  by 
a  breaking  up  of  the  hornblende  into  fibers,  giving  the  blade 
a  striated  appearance,  while  the  serpentine  granules  develop 
along  these.  In  some  cases  the  hornblende  blade  is  replaced 
in  patches  by  serpentine,  against  which  the  remaining  fibrous 
substance,  partially  changed,  but  not  deprived  of  its  acicular 
appearance,  abuts  with  a  crenulated  margin.  A  second  method 
of  change  seems  to  consist  in  a  sort  of  exfoliation,  the  horn- 
blende stripping  up,  the  alteration  entering  from  all  sides 
with  no  apparent  physical  change,  to  the  condition  of  asbestus. 
In  this  second  process  the  hornblende  presents  an  eroded 
appearance  and  frequently  shows  minute  cavities,  the  whole 
aspect  being  not  dissimilar  to  that  of  a  melting  fragment  or 
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pellicle  of  ice.  In  one  instance  a  section  displayed  a  pavement 
of  hornblende  enclosing  a  strip  of  serpentine  with  a  plentiful 
sprinkling  of  magnetite,  and  in  another  example,  an  interesting 
illustration  of  the  change  of  the  hornblende  to  serpentine,  was 
observed  where  a  long  fiber  of  the  actinolite  (?)  was  altered  to 
serpentine  at  nearly  equal  lengths  throughout  its  extent.  The 
alteration  started  from  minute  transverse  breaks  and  progressed 
on  either  side  for  a  short  distance  into  the  substance  of  the 
crystal.  The  unchanged  portions  of  the  amphibole  separating 
these  serpentinized  joints,  gave  the  fragment  the  appearance  oi 
an  equisetum  (fig.  2).  This  was  repeated  less  strikingly  in  the 
same  section  over  its  entire  surlace.  Again  aggregates  of 
viridite  or  chlorite  were  seen  scattered  over  the  serpentine  in 
one  slide  (fig.  4),  a  possible  phase  in  the  change  of  the  horn- 
blende to  serpentine  or  a  secondary  product  of  its  alteration. 

The  formation  of  the  calcite  in  an  interrupted  manner  seemed 
clearly  shown  in  many  instances,  as  where  two  irregularly 
interlocked  areas  of  this  mineral  were  seen  with  the  cleavage 
lines  of  one  section  abruptly  terminating  at  the  margin  of  the 
other  (fig.  1).  This  would  lead  to  the  inference  that  the  depo- 
sition of  the  two  parts  was  not  simultaneous  and  lend  support 
to  the  view  of  the  intermittent  secretion  of  the  calcite  from 
aqueous  solutions,  in  the  interstices  of  the  serpentinized  horn- 
blende. Lacunae  of  calcite  appear  irregularly  through  the 
serpentine,  the  ragged  and  spiculate  edges  of  the  serpentine 
yielding  inwards,  while  in  some  instances  a  semi-dark  line 
marking  a  change  of  thickness,  separated  an  interior  core  of 
calcite  from  the  border  contiguous  with  the  serpentine,  an  indi- 
cation of  intermittent  secretion. 

The  examination  of  these  sections  leaves  little  room  for 
doubt  that  a  bed  of  hornblende  rock  has  undergone  a  conver- 
sion more  or  less  complete  into  serpentine,  and  that  along  lines 
of  strain  incident  to  its  folding,  where  thermal  conditions  of  an 
intense  character  were  developed,  accompanied,  or  perhaps  suc- 
ceeded by  the  introduction  of  water,  the  change  has  been  per- 
fected most  rapidly  and  haj  been  assisted  by  the  elimination  of 
lime  carbonate  as  calcite,  and  probably  in  some  cases  the  double 
carbonate  of  lime  and  magnesia  as  dolomite. 


Art.   XXXIX. — Terminal  Moraines  in  Maine;   by  Georoc 

H.  Stone. 

One  of  the  most  obvious  features  of  the  glacial  drift  of 
Maine  is  its  unequal  distribution.  Many  of  the  multiform 
ridges  and  heaps  of  till  which  abound  in  the  State  may  par- 
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take  of  the  nature  of  medial  and  terminal  moraines.  In  clas- 
fiifying  these  deposits  it  will  be  needful  to  distinguish  accumu- 
lations of  till  which  were  formed  beneath  or  within  the  ice-sheet 
from  superficial  accumulations  which  were  the  result  of  the 
local  movements  sure  to  occur  during  the  unequal  melting  of 
the  retreating  glacier.  We  know  so  little  as  to  the  nature  of 
the  work  going  on  in  the  lower  portion  of  an  icesheet  that  this 
distinction  is  a  difficult  one  to  make.  Omitting  a  great  num- 
ber of  doubtful  cases,  there  are  a  few  places  in  the  State  where 
the  till  is  piled  in  narrow  ridges  wtiicli  lie  transverse  to  the 
direction  of  glaciation  and  which  so  clearly  have  the  form  and 
composition  of  terminal  moraines  that  they  must  be  regarded 
as  having  been  formed  at  the  end  of  a  moving  mass  of  ice.  In 
some  cases  kames  also  appear  to  have  been  deposited  at  the  ice- 
front  and  thus  were  practically  a  part  of  the  terminal  moraine, 
but  they  are  omitted  from  this  list.  So  far  as  I  know  the  fol- 
lowing list  includes  all  of  these  formations  in  the  State  con- 
cerning which  the  evidence  is  reasonably  conclusive. 

1.  The  moraines  of  the  local  Androscoggin  Glacier, — After  the 
great  ice-sheer' was  so  far  melted  that  the  general  movement 
ceased,  there  was  still  for  a  time  sufficient  ice  in  the  White 
Mountain  region  to  cause  a  glacier  to  flow  eastward  along  the 
valley  of  the  Androscoggin  River,  as  far  as  West  Bethel, 
Maine.  This  local  glaciation  was  first  described  by  Professor 
G.  L.  Voseand  Professor  A.  S.  Packard  in  the  first  and  second 
volumes  of  the  American  Naturalist,  afterwards  by  Professor 
0.  H.  Hitchcock  in  the  N.  H.  Geological  Reports ;  and  briefly 
by  the  writer  in  the  American  Naturalist  for  April,  1880.  The 
most  remarkable  terminal  moraine  of  this  glacier  is  at  the  great 
bend  of  the  Androscoggin  near  the  boundary  between  Shel- 
burne,  N.  11.,  and  Gilead,  Me.  No  one  who  sees  this  can  hesi- 
tate to  regard  it  as  a  true  terminal  riaoraine  of  a  local  valley 
glacier. 

2.  At  Beadfield  Village. — In  the  western  part  of  Readfield 
village  (near  the  woolen  mill)  is  a  confused  series  of  hum- 
mocks and  short  ridges  extending  from  north  to  south  across 
the  valley  of  the  small  stream  on  which  the  mills  are  situated. 
From  this  point  the  valley  continues  nearly  west  for  about  one 
mile  when  it  turns  northward  and  soon  widens  into  a  valley 
which  resembles  a  mountain  ciraue.  This  wider  valley  appar- 
ently was  filled  with  ice  which  flowed  down  the  narrow  valley 
to  Readfield  village.  At  several  places  along  the  valley  are 
masses  closely  resembling  lateral  and  semi-terminal  moraines. 
At  the  woolen  mill  the  valley  proper  is  only  about  one-eighth 
of  a  mile  wide.  The  morainal  hummocks  are  chiefly  made  up 
of  till  which  is  somewhat  coarser  and  more  sandy  than  the 
ordinary  till  of  the  region,  as  if  slightly  water-washed.     In  a 
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few  places  along  the  roads  the  deeper  cuts  show  masses  of  strati- 
fied sand  and  gravel  underneath  unstratified  till,  and  these  sedi- 
ments are  in  some  cases  plainly  cross-bedded.  There  are  no 
signs  of  a  land-slide  here,  indeed  the  slopes  of  the  neighboring 
hills  are  too  gentle  for  that.  Are  these  hummocks  the  work  of 
the  great  ice-sheet  or  of  a  local  glacier?  There  are  in  Maine 
very  many  deep  sheets  and  ridges  of  till  left  by  the  ice-sheet 
across  east  and  west  valleys,  but  these  hummocks  in  question 
are  a  diflTerent  kind  of  ridge  from  the  gently  sloped  ridge  of 
ice-sheet  construction.  If  these  small  and  steep  masses  are 
remains  of  a  broad  sheet  of  till  irregularly  erodea,  then  in  the 
depressions  between  the  hillocks  there  ought  to  be  found  an 
abundance  of  the  larger  stones  and  bowlders  of  the  till,  such 
as  are  found  in  the  present  bed  of  the  stream. 

About  one-third  of  a  mile  east  of  this  point  and  at  nearly 
the  same  elevation  above  the  sea  (215  to  230  feet),  there  is  at 
the  Fair  Ground  a  terrace  of  stratified  sand  and  silty  clay.  No 
fossils  have  been  found  in  these  beds,  but  at  Winthrop  Village 
and  at  an  elevation  only  a  few  feet  less,  marine  shells  are  com- 
mon in  sedimentary  clay.  It  thus  appears  thatrin  Champlain 
time  the  sea  extended  from  the  Kennebec  Bay  of  that  period 
westward  to  Winthrop.  But  Winthrop  and  Readfield  are  at 
opposite  ends  of  Lake  Maranocook  and  if  the  sea  extended  to 
Winthrop  it  would  necessarily  reach  to  Beadfield  unless  kept 
back  by  a  barrier  of  ice.  Probably  the  sedimentarv  beds  at 
and  near  the  Fair  Ground,  Beadfield,  were  Champlain  shore 
deposits  and  the  hummocks  of  mixed  till  and  sediments  in  the 
western  part  of  the  village  were  formed  where  the  local  valley 
glacier  confronted  the  narrow  arm  of  the  sea. 

3.  The  Swan  Island  Moraine. — Swan  Island  is  an  island  in  the 
Kennebec  Biver.  It  begins  near  Bichmond  and  extends  for 
about  four  miles  southward.  About  one  and  one-fourth  miles 
fron)  the  southern  end  and  on  the  eastern  side  of  the  island  is 
an  east  and  west  ridge  about  one- fourth  mile  long  that  is  prob- 
ablv^  a  terminal  moraine.  It  appears  to  have  sufiered  consid- 
erable surface  erosion  by  the  Champlain  sea.  A  short  kame 
is  found  near  the  western  end  of  this  ridge.  The  marine  clays 
cover  the  flanks  of  both  kame  and  moraine  so  as  to  disguise 
their  relations  to  each  other. 

4.  77ie  Sahattisville  Moraine. — A  short  distance  south  of  the 
bridge  at  Sabattisville  is  a  two-sided  ridge  of  till  which  ex- 
tends for  a  little  more  than  one-eighth  of  a  mile  across  the  val- 
ley of  the  Sabattis  stream.  The  ridge  rises  from  eight  to 
fifteen  feet  above  the  plain  of  marine  clay  and  is  composed  of 
quite  sandy  till,  as  if  gently  water-washed.  The  steepness  of 
tne  ridge  on  both  sides  and  its  east  and  west  direction  mark  it 
as  a  terminal  moraine.     The  ridge  is  partly  within  the  village. 
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and  considerable  of  it  has  been  removed  within  the  past  few 
yeara 

5.  The  Machias  Moraine. — This  is  situated  about  five  miles 
south  of  Machias  village,  near  the  first  fork  of  the  road  found 
in  going  in  that  direction.  It  extends  from  Englishman's 
River  northeastward  for  about  three-fourths  of  a  mile  to  near 
an  arm  of  the  sea.  It  is  interrupted  for  a  few  rods  by  a  swamp 
and  a  small  hill  and  then  begins  again.  The  part  most  clearly 
a  terminal  moraine  lies  west  of  the  road  leading  south  from 
Machiaa  It  is  a  ridge  which  rises  rather  steeply  on  each  side 
to  a  height  of  from  fifteen  to  twenty-five  feet  above  the  plain 
of  marine  clay  in  which  it  is  situated.  At  one  place  the  de- 
posit is  wider  and  is  double,  the  two  ridges  being  separated  by 
a  shallow  depression  which  is  not,  however,  a  kettle-hole.  The 
southern  slope  of  the  ridge  shows  many  bowlders  from  one  to 
four  feet  in  diameter,  while  just  beyond  the  crest  on  the  north- 
ern slope  are  several  feet  of  stratified  sand,  gravel  and  pebbles. 
This  probably  was  the  result  of  the  Champlain  surf  which 
broke  on  the  southern  slope  and  washed  the  finer  drift  over 
the  ridge  beyond  the  reach  of  the  undertow  and  left  it  strati- 
fied on  the  northern  slope.  At  least  the  western  portion  of 
this  formation  must  be  a  terminal  moraine,  though  somewhat 
diflferent  from  some  of  the  others  here  described. 

•  6.  The  Waldoboro  Moraine. — This  is  somewhat  more  than 
five  miles  long,  with  a  few  short  gaps. 

On  the  west  this  moraine  appears  to  begin  a  short  distance 
west  of  Winslow's  Mills,  a  way  station  of  the  Knox  and  Lin- 
coln railroad,  situated  about  three  miles  northwest  of  the  vil- 
lage of  Waldoboro.  These  mills  are  on  the  Medomac  River,  a 
stream  about  twenty-five  miles  long,  which  empties  into  the 
sea  at  Waldoboro.  For  several  miles  north  of  Winslow*s  the 
Medomac  has  been  flowing  nearly  south  through  a  gently  roll- 
ing plain,  but  near  the  mills  the  valley  is  encroached  upon  by 
a  hill  which  here  rises  on  the  eastern  side  of  the  stream  to  a 
height  of  about  200  feet  above  the  sea.  This  hill  slopes  north- 
wara  and  within  a  mile  sinks  to  a  level  with  the  Medomac. 
On  the  west  of  the  stream  there  is  a  moderately  steep  slope, 
but  the  hill  is  not  so  high  as  that  on  the  east  side  of  the  valley. 
The  moraine  appears  to  begin  on  the  slopes  of  this  hill  about 
one-fourth  of  a  mile  west  of  the  Medomac  and  at  an  elevation 
of  about  seventy  feet  above  the  stream.  There  are  here  three 
nearly  parallel  ridges,  the  most  southern  one  being  only  a  few 
rods  long  and  eight  to  ten  feet  high.  The  steepness  of  the 
slopes  of  these  ridges  and  their  irregular  outline  is  in  marked 
contrast  with  the  flowing  curves  and  rounded  outlines  of  the 
granitic  till  of  this  region.     The  two  more  northern  moraines 
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extend  eastward  across  the  valley  and  climb  the  slopes  of  the 
hill  beyond.      They  show  several  short,  gentle  zig-zags  but 
their  general   course  across  the  valley  is  curved,  the  concave 
side  beintr  to  the  north.     They  are  nearly  parallel  and  onlv  a 
few  rods  apart     The  more  northern  <»f  these  moraines  is  rather 
discontinuous,  consisting  of   a  well-defined  system  of   ridges 
separated   by  low  places  in  the  ridge  or  by  short  gapa     The 
mills  and-  the  dam  are  built  on  the  line  of  this  moraine.     It  is 
composed  of  a  somewhat  sandy  till,  pell-mell  in  structure  gett- 
erallj,   but  in    places   faintly  stratified  and   partially   water- 
washed,  a  sort  of  transition  into  kame  sand  and  gravel.     The 
more  southern  of  the  two  long  moraines  is  higher  and  more 
continuous  than  the  northern  one.     It  rises  from  ten  to  twenty 
feet  above  tlte  marine  clay  of  the  valley  and  has  been   cut 
through  by  the  railroad  to  a  depth  of  about  fifteen  feet     It  is 
composed  of  till  which  contains  much  fine  clay  and  shows  few 
or  no  signs  of  water-wash,  and  it  aflFords  a  much  larger  propor- 
tion of  well-scratched  stones  than  do  the  surface  layers  of  the 
ordinary  till  of  that  locality.     A  few  rods  east  of  the  mills  is 
a  pit  whence  much  rounded  gravel  has  been  taken.     The  exca- 
vation shows  the  till  of   the  terminal  moraine  overlying  the 
gravel  and  rounded  cobbles.     This  gravel  is  part  of  a  system 
of  glacial  or  **  kame  "  gravely  which  extends  from  Waldoboro 
about  five  miles  northward,  most  of  the  way  lying  near  the 
Medomac.     It  is  one  of  the  discontinuous  systems  of  kamcs 
characteristic  of  that  part  of  Maine — consisting  of  short  ridges 
like  kames  yet  arranged  in  long  north  and  south  lines  like 
osars.     The  domes  or  ridges  are  separated  by  gaps  of  from  a 
few  rods  up  to  one-fourth  of  a  mile  or  more.     Or  course  that 
part  of  this  kame  system  which  is  south  of  the  terminal  mo- 
raines must  have  been  deposited  before  the  recession  of  the  ice 
northward  to  Winslow's  Mills.     Even  to  the  north  of  this  place 
the  main  line  of  kames  does  not  show  an  immediate  change  of 
character  and  it  too  was  probably  formed  before  the  recession 
of  the  ice  and  deposition  of  the  moraines.     But  east  of   the 
main  system  of  kames  and  north  of  the  moraines  are  a  number 
of  low  scattered  kame  hummocks  and  short  ridges  somewhat 
parallel  to  the  terminal  moraines  and  probably  contemporane- 
ous with  them,  at  least  with  a  part  of  tnem. 

I  looked  with  especial  care  for  exposures  showing  the  rela- 
tive positions  of  the  moraines  and  the  marine  clay.  The  Cham- 
plain  clay  is  much  thinner  in  this  valley  than  in  that  of  the 
Kennebec.  Many  of  the  kame  ridges  along  the  Medomac 
are  plainly  overlaid  by  the  clay,  but  no  fresh  exposure  could 
be  found  showing  the  relations  of  the  moraines  to  the  clay. 
The  surface  indications  were  that  the  clay  overlies  the  base  of 
the  moraines.  My. exploration  was  incidental  to  other  work 
and  did  not  permit  excavation. 
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As  before  stated  the  moraines  climb  the  hill  on  the  east  side 
of  the  Medomac.  They  rise  to  a  height  of  about  100  feet 
above  that  stream.  The  more  northern  moraine  soon  almost 
disappears,  but  the  southern  ridge  is  conspicuous  for  about  one 
mile.  Ii  is  a  two-sided  ridge,  its  southern  slope  being  as  steep 
as  moraine  stuff  will  lie,  and  for  a  part  of  the  way  the  northern 
slope  is  nearly  as  steep.  The  ridge  everywhere  contains  more 
bowlders  than  the  ordinary  till  of  the  region.  Many  of  these 
bowlders  are  from  five  to  fifteen  feet  in  diameter.  The  moraine 
rises  from  ten  to  twenty  feet  and  is  of  variable  width,  in  a  few 
places  being  ten  rods  wide,  usually  narrower.  For  a  short  dis- 
tance it  serves  as  a  natural  roadway  through  a  swamp,  and  is 
locally  known  as  the  old  railroad  grading.  It  here  rises  steeply 
from  eight  to  fifteen  feet  on  each  side,  and  is  so  narrow  that 
there  is  just  room  enough  for  a  log  road  on  the  top.  The  ma- 
terial is  here  very  coarse ;  in  fact  the  ridge  is  simply  a  wall  of 
bowlders.  A  short  distance  east  of  this  swamp  the  moraine  dis- 
appears near  the  eastern  brow  of  the  hill,  but  begins  again 
about  one-fourth  of  a  mile  to  the  southeast.  The  topography 
of  the  country  accounts  satisfactorily  for  this  gap.  The  hill,  on 
its  east  side,  overlooks  the  valley  of  Meadow  brook,  a  small 
stream  which  flows  northwestward  into  the  Medomac.  Also 
there  is  a  valley  which  extends  nearly  north  from  the  gap  in  the 
moraine.  Two  favorable  lines  for  ice-flow  converged  at  this 
point.  Naturally  the  deeper  ice  of  the  valley  reached  a  point 
larther  south  than  the  thinner  ice  which  abutted  against  the  hill 
'  to  the  west  of  Meadow  brook,  and  its  moraines  are  larger.  Af- 
ter passing  the  gap  we  come  upon  the  moraines  on  the  eastern 
slope  of  this  hill  at  a  height  of  about  75  feet  above  Meadow 
brook.  There  are  here  several  nearly  parallel  ridges  extending 
eastward,  also  a  line  of  hummocks  reaching  northward  along 
the  base  of  the  hill  for  a  short  distance.  They  are  all  well 
sprinkled  with  large  bowlders.  The  moraines  cross  the  road 
leading  from  Waldoboro  to  North  Waldoboro  at  Benner's  mill, 
on  Meadow  brook,  the  road  passing  through  a  narrow  gap  in 
the  ridges.  East  of  this  road  the  several  ridges  unite  into  a  sin- 
gle ridge  which  rises  steeply  on  each  side  from  30  to  60  feet. 
It  is  here  locally  known  as  **The  Ridge,"  and  in  form  resem- 
bles fhe  osara  '  A  broad  and  flat  deposit  of  glacial  gravel  begins 
a  few  rods  south  of  the  moraine  and  extends  for  about  one  mile 
southward  along  the  road  to  Waldoboro.  I  could  not  trace  the 
kame  quite  to  the  moraine,  though  it  nearly  reaches  the  end  of 
one  of  the  outlying  ridges  which  are  found  west  of  the  road. 
The  marine  clay  here  overlies  the  kame  and  appears  to  overlie 
the  base  of  the  moraine. 

A  short  distance  east  of  Benner's  Milt  the  moraine  curves 
around  from  east  to  northeast,  and  within  less  than  two  miles 
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comes  out  to  the  road  leading  northward  from  Waldoboro  to 
Union  village.  This  road  is  made  on  top  of  the  ridge  for  more 
than  one  mile,  part  of  the  way  through  a  somewhat  swampy  re- 
gion which  would  be  difficult  of  passage  but  for  the  natural 
embankment.  Here  also  the  marine  clay  appears  to  overlie  the 
base  of  the  moraine.  Approaching  the  east  line  of  the  town  of 
Waldoboro  this  road  is  about  one-eighth  of  a  mile  north  of  the 
moraine,  which  becomes  lower  and  less  continuous,  and  seems 
to  end  within  a  short  distance  from  the  lino  between  Waldo- 
boro and  Warren.  It  ends  within  about  one-fourth  of  a  mile 
from  the  osar  system  which  extends  from  Palermo  to  near 
Warren  station  on  the  K.  &  L.  R.  R.  To  the  east  lies  a  level 
country  for  a  half  mile  or  more,  so  that  it  is  not  cut  off  by  a  line 
of  hills  or  other  obvious  barrier  in  that  direction. 

The  country  lying  east  of  the  Medomac  river  and  north 
of  the  moraine  is  diversified  by  numerous  low  hills,  or  per- 
haps it  had  better  be  de- 
scribed as  a  rolling  plain.  I 
estimated  that  few  if  any  of 
these  hills  rose  more  than 
about  100  feet  above  the  sur- 
rounding level.  The  hills 
did  not  cause  a  gap  in  the 
moraine  except  at  two  or 
three  points.  The  country 
rock  weathers  so  rapidly  that 
the  glacial  scratches  had  dis-  * 
appeared  from  all  the  ex- 
posed ledges  observed.  The 
direction  of  glaciation  near 
the  moraine  therefore  was 
not  determined.  Some  large 
ridges  and  heaps  of  till  are 
found  about  a  mile  north  of 
the  end  of  this  moraine,  but 
their  origin  is  uncertain. 

The  elevation  of  the  Wal- 
doboro moraine  is  such  that 
if  it  was  deposited  at  the 
time  when  the  sea  stood  at  its  highest  level  during  the  Cham- 
plain  epoch,  it  must  have  been  formed  at  a  depth  of  from  50 
to  176  feet  below  the  surface  of  the  water.  1  did  not  find 
a  good  section  showing  clearly  the  relations  of  the  moraine 
and  the  marine  clay.  Excavation  will  perhaps  be  needed  in 
order  to  determine  this  important  point.  In  the  absence  of 
conclusive  evidence  as  to  the  time  of  the  formation  of  the  mo- 
raine, we  can  only  avail  ourselves  of  indirect  evidence.     In 


Digitized  by 


Google 


C,  B,  Van  Hise — HorrMendea  and  Augitea.         385 

general  the  moraine  contains  a  much  larger  proportion  of  clay 
and  fine  material  than  the  terminal  moraines  of  the  Andros- 
coggin glacier,  a  fact  which  favors  the  theory  that  it  was  formed 
in  3ie  water  where  the  ice  confronted  the  ocean.  There  are 
hills  to  the  south  of  the  moraine  high  enough  to  have  formed 
islands  in  Champlain  time.  If  the  ice  met  the  sea  at  the  place 
of  the  terminal  moraine,  both  the  ice  and  moraine  would  be  par- 
tially protected  by  these  supposed  islands  from  the  force  of  the 
Atlantic  waves.  If  the  moraine  was  deposited  before  the  water 
rose,  then  it  would  twice  be  under  the  surf  during  the  rising 
and  falling  of  the  sea.  If  so,  then  the  protection  of  the  islands 
must  have  been  very  perfect,  for  there  are  few  signs  of  marine 
wash  on  the  moraine.  It  seems  more  likely  that  the  sharpness 
of  outline  of  the  ridge  is  due  to  the  fact  that  it  was  deposited 
under  the  sea,  and  only  once  has  been  under  the  action  of  the 
surf.  Other  considerations  might  be  stated  which  favor  the 
hypothesis  that  the  moraine  was  formed  at  a  time  when  the  sea 
stood  at  a  much  higher  level  than  now,  but  discu^ion  of  the 
subject  is  postponed  until  after  further  study  in  the  field.  On 
the  whole,  I  consider  it  probable,  but  not  certain,  that  the  ice 
here  flowed  into  the  sea  at  the  time  the  moraine  was  being 
formed. 

Several  lines  of  high  hills  cross  the  state  of  Maine  from  S. 
W.  to  N.E.,  transverse  to  the  line  of  glaciation.  The  low  cols 
in  these  hill-systems  often  served  for  the  passage  of  the  kame 
and  osar  rivers,  and  they  are  also  often  bordered  by  many  irreg- 
ular masses  of  till.  These  are  not  steep,  transverse  ridges  like 
those  above  described,  but  are  somewhat  gently  sloped  heaps  of 
various  shapes  and  thej  lie  in  various  directions.  As  the  inter- 
pretation is  doubtful,  no  detailed  account  of  them  is  here  given. 
Colorado  SpriDgs,  December,  1886. 


Art.  XL. — Note  on  the  enlargement  of  Hornblendes  and  Augites 
in  Fragmental  and  Eruptim  Rocks  ;  by  0.  R.  Van  Hise. 

(Published  by  permission  of  the  Director  of  the  Geological  Survey.) 

In  the  number  of  this  Journal  for  September,  1886,  I 
described  the  enlargement  of  hornblende  fragments  in  certain 
conglomerates  of  northeastern  Minnesota,  showing  that  grains 
of  hornblende,  after  deposition  in  a  sedimentary  rock,  may, 
under  favorable  conditions,  continue  their  growths.  The 
chief  object  of  the  paper  was  to  show  that  enlargements  of  this 
sort  may  help  to  produce  in  fragmental  rocks  the  condition 
ordinarily  known  as  metamorphic.  Entirely  similar  enlarge- 
ments of  hornblende,  but  in  massive  eruptive  rocksj  are  described 
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by  Friedrich  Becke  in  Tschermak's  Min.  und  Petr.  Mittb.,  vol. 
V,  part  ii,  1883,  in  a  paper  entitled  "  Eruptivgesteine  ans  der 
Gneissformation  des  niederosterreicbiscnen  Waldviertels.'^ 
Tbe  following  quotations  and  figures  are  from  tbis  paper: 
**  Die  primaren  compacten  Hornblende-Krystalle  sind  sehr 
baufig  von  einer  Binde  umgeben,  welcbe  aus  strangeliger 
priiner  Hornblende  bestebt,  die  ganz  mit  der  Hornblende  des 
Uralit  iibereinstimmt.  In  Querschnitten  (fig.  1)  beobachtet 
man  die  dureb  Kern  und  Hiille  gleicbnoassig  fortsetzenden 
Spaltrisse.  Mitunter  bat  der  so  weitergewachsene  Krystali 
andere  Krystallflacben  in  der  Piismenzone,  als  der  Kern.  In 
L&ngscbnitten  (6g.  2)  siebt  man  den  compacten  Kern  mit 
Biindeln  parallel  angewacbsener  Hornblendenadeln  versehen, 
welcbe  sich  weiterhin  zu  divergirenden  Blischeln  auflosen."  .  . 
.  .  "  Die  Art  des  Auftretens  dieser  Fortwachsungeii  lasst  keiner 
Zweifel,  dass  wabrend  der  Ausbildung  dieser  Fortwacbsungen 
mecbaniscbe  Bewegungen  innerbalb  dieses  Qesteins  nicbt  mcbr 
stattgefunden  haben." 


It  tbus  appears  tbat  Becke  discovered  in  1883  the  enlarge- 
ment by  secondary  growtb  of  individuals  of  bornblende  in  an 
eruptive  rock,  tbis  change  having  taken  place  subsequently  to 
the  consolidation  of  the  rock  from  the  liquid  state.  In  frag- 
mental  rocks  tbe  enlargement  of  hornblende  grains  has  far 
greater  significance  because  it  explains,  in  part  at  least,  the 
nature  of  the  induration  of  a  certain  class  of  rooks. 

In  studying  recently  the  eruptive  rocks  of  the  Penokee- 
Gogebic  Iron-Bearing  Series  of  Michigan  and  Wisconsin,  I  have 
met  with  cases  of  new  growths  occurring  upon  augite  and  born- 
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blende  which  are  corroborative  of,  and  add  something  to,  the 
observations  made  by  Becke.  The  rocks  in  which  these  new 
growths  have  been  found  are  altered  diabases.  In  some  specif 
mens  of  these  rocks  the  augite  has  largely  changed  into  horn- 
blende. In  these  cases  in  a  portion  of  the  individuals  of  augite 
the  alteration  of  the  augite  is  partial,  while  in  the  otherportion 
it  is  complete.  Ordinarily,  as  described  by  Irving,*  Williams 
and  others,  a  single  individual  of  hornblende  has  resulted  from 
one  of  augite,  the  two  having  the  usual  definite  crystallographic 
relation?.  To  this  secondary  hornblende  the  new  hornblende 
has  attached  itself.  There  are  here,  then,  two  hornblendes,  one 
of  which  is  paramorphic  to  the  augite,  while  the  other  is  a  new 
growth.  The  added  hornblende  has  found  room  for  itself,  as 
in  the  case  described  by  Becke,  by  penetrating  the  surround- 
ing feldspars.  Similar  new  hornblende  is  also  found  inclu- 
ded in  the  partly  decomposed  feldspar  in  numerous  small, 
fibrous,  independent  individuals.  The  new  hornblende  is 
of  a  pale  green  color ;  it  is  not  strongly  pleochroic  ;  it  shows 
often  distinctly  its  intersecting  prismatic  cleavage.  The  crys* 
tallographic  continuity  of  the  paramorphic  and  new  horn- 
blendes, when  the  two  are  contiguous,  is  as  plain  as  in  the  case 
described  and  figured  by  Becke,  where,  nowever,  the  first 
hornblende  seems  to  have  been  original. 

In  other  diabases  from  the  same  region  the  greater  part  of 
the  augite  is  unaltered.  Here  nearly  every  individual  of  this 
mineral  is  surrounded  by  a  sheath  of  hornblende.  This  horn- 
blende has  clearly  formed  subsequently  to  the  consolidation  of 
the  rock,  as  is  shown  by  the  following  fncts  :  The  hornblende 
cuts  into  the  surrounding  feldspar  in  the  most  irregular  manner. 
The  augite  cores  have  the  forms  common  in  many  diabases, 
being  bounded  by  well-defined  broken  right  lines,  or  lines  some- 
what curved,  as  the  spaces  left  by  the  feldspars  allowed.f 
Often  the  new  growth  has  continued  farther  in  places  than 
in  adjoining  ones,  and,  as  it  went  on,  it  has  sometimes 
widened  out,  forming  within  the  feldspar  club-shaped  pro- 
tuberances of  hornblende. 

In  longitudinal  sections  (fig.  3)  the  hornblende  is  more 
plentiful  at  the  extremities  of  the  individuals  than  at  the  sides. 

»  R.  D.  Irving,  this  Journal.  July,  1883,  and  Feb.,  1884.  Geology  of  Wisconsin, 
vol.  iv,  p.  663. 

M.  E.  Wadsworth,  Notes  upon  the  Geology  of  the  Iron  and  Copper  Districts  of 
Lake  Superior. 

G.  H.  Williams,  this  Journal  Oct.  1884,  and  Bull.  U.  S.  G.  S.,  No.  28. 

Frederick  H.  Hatch,  Min.  uiid  Petr.  Mitth.,  vol.  vii,  pp.  76-87. 

f  In  the  greater  number  of  thef^e  rocks  the  major  part  of  the  feldspar  has  crystal- 
lized prior  to  the  augite,  although  in  certain  of  them  the  augite  and  the  feldspar 
mutually  interfere  to  such  an  extent  as  to  indicate  that  the  augite  began  to  crys- 
tallize before  the  feldspar  had  proceeded  far  in  crystallization. 
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The  terminations  of  these  enlargements  are  sharply  serrate. 
The  constituent  fibers   at  times   are  slightly   divergent  and 


Fig.  3. — a,  a,  %i,  porvion  of  au  augite  core ;  &,  &,  &,  hornblende  enlargements ; 
e,  c,  c,  feldspar. 

usually  cut  deeply  into  the  feldspar.  Ordinarily  the  fine 
fibrous  cleavage  of  ihe  hornblende  is  coincident  with  the  cleav- 
age of  the  augite.  However,  the  angles  c :  c  in  the  augite  and 
in  the  enveloping  hornblende  show  their  characteristic  relations. 

In  transverse  sections  (fig.  4) 
where  the  intersecting  prismatic 
cleavages  of  the  augite  and  horn- 
blende are  seen,  their  relations  are 
such  as  to  indicate  that  the  ortho- 
and  clino-pinacoidsin  the  two  min- 
erals are  parallel. 

The  crystallographic  relations  of 
the  two  minerals  are,  then,  in  both 
longitudinal  and  transverse  sec- 
tions, those  well  known  to  occur 
between  augite  and  hornblende 
pararaorphic  after  it. 
University  of  Wisconsin,  Biadison,  Feb.,  1887. 


Art.  XLL — The  great  Acadian  Paradox  ides;  by  G.  F.  Matthew, 

In  this  Journal  (vol.  xxx,  p.  73),  the  writer,  in  speaking 
of  the  occurrence  of  the  great  Welsh  Paradoxides  (P.  havidis) 
in  ihe  Cambrian  rocks  of  Newfoundland,  alluded  to  the  fact 
that  another  gigantic  species  of  this  genus  was  present  in  the 
Cambrian  basin  at  St  John.  At  the  time  when  that  com- 
munication was  written,  the  St  John  species  was  known  only 
by   fragments  of  the  glabella,   pleurae   and   pygidium.      An 
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almost  complete  example  has  lately  been  found,  from  which  it 
appears  that  the  species  diflfers  from  any  hitherto  described. 
Its  nearest  allies  are  P,  Bennetiii  of  Newfoundland  and  P. 
Harlani  of  Massachusetts,  but  it  has  not  the  '^pendent  ears  '^ 
and  abortive  spine  of  the  former,  nor  the  long  (sometimes  ex- 
travagantly long)  spine  and  round  pygidium  of  the  latter.  It 
has  a  ratlier  smooth  test,  and  the  eye-lobes  are  shortened  and 
placed  as  in  the  two  species  named.  It  differs  from  P.  Bennetiii 
m  being  brachypleural  in  the  adult  stage,  and  from  P.  Harlani 
in  having  only  seventeen  segments  in  the  thorax.  It  may  be 
described  as  follows : — 

Pabadoxides  Rboina. 
A  species  of  the  largest  size  and  having  a  very  wide  body. 
Head  shield  greatly  expanded,  and  having  the  genal  angles 
produced  into  short  spines;  glabella  broad  and  possessing  two 

complete  furrows;  eyes 
rather  short,  situated  oppo- 
site these  furrows.  Thorax 
with  seventeen  joints;  hav- 
ing the  axis  very  broad, 
and  the  ends  of  the  pleura 
leaf-like,  curved,  but  scarce- 
ly reflected,  and  having  the 
/  three    last    joints    shorter 

than  the  others.    Pygidium 
\  subquadrate  behind,   with 

a  small  axis  and  with  the 
lateral  lobes  ex  panded  back- 
ward.   Hypo8iomesx\h(\xx2iA' 
\  rate  behind,  but  having  the 

posterior  angles  truncated, 
anterior    lobe    widely    ex- 
panded laterally,  and  hav- 
ing   the    anterior    margin 
expanded  and   widely  ex- 
tended. 
The  specimen  is  defective  where  the  two  anterior  glabellar 
furrows  would  come,  and  so  it  is  not  known  whether  these  are 
present  or  absent.     The  horizon  is  Band  Ic  of  the  St  John 
group.     This  species  appears  to  be  the  largest  trilobite  which 
has  so  far  been  found  in  any  country,  being  fifteen  inches  long 
and  twelve  inches  across  the  cephalic  shield.     Professor  W.  C. 
Brogger  calculated   the  length  of  an  example  of  Megalaspis 
acuiicauda  found  in  Norway  as  sixteen  inches  (403°*"),  and  the 
late  M.  Barrande  gave  the  length  of  Asaphus  Barrandeij  found 
in  France,  as  fifteen  and  a  half  inches  (400°^),  but  these  larger 
Asaphi  are  narrower  in  proportion  than  the  Acadian  trilobite. 
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Among  Paradoxides  the  Acadian  species  is  the  largest 
known  to  the  writer.  With  P.  Harlani  and  P,  BenneUit  it 
constitutes  a  group  of  gigantic  forms  with  more  or  less  folia* 
ceous,  and  curved  rather  than  reflexed  pleurse,  which  the 
writer  believes  will  be  found  to  characterize  elsewhere,  as  it 
does  in  Acadia,  the  Lower  Paradoxides  beds.  From  oar  pres- 
ent knowledge  of  these  forms  we  indicate  the  two  above  named 
and  P.  Regina  as  independent  species ;  but  if  connecting  forms 
should  be  found,  the  Acadian  and  Newfoundland  trilobites  will 
stand  as  varieties  of  Paradoxides  Harlani » 


Art.  XLII. —  On  the  Kin  of  Paradoxides  {Olenellus?)  Kjerulfi;* 
by  G.  F.  Matthew. 

The  following  remarks  are  intended  as  a  contribution  to  the 
discussion  of  the  comparative  age  of  the  Paradoxides  beds  in 
Europe  and  America  and  the  probable  position  of  Olenellus  in 
relation  thereto.  They  are  directed  chiefly  to  the  consideration 
of  the  allies  of  Paradoxides  Kjerulfi  Linrs.,  as  upon  the  deci- 
sion of  this  point  partly  depends  the  correlation  of  the  Atlantic 
border  Paradoxides  beds  with  the  Cambrian  beds  of  the  Hud- 
son River  and  the  more  western  part  of  America. 

Mr.  S.  W.  Ford,  in  an  article  "  On  the  age  of  the  Swedish 
Paradoxides  Beds,"  in  which  he  ably  reviews  the  evidence  as  to 
the  zoological  position  of  Paradoxides  Ejerulfi^'f  quotes  the  sue* 
cession  of  the  Swedish  Paradoxides  beds  as  given  by  Mr. 
Linnarsson  in  1876,  viz: 

f6.)  Strata  with  Agnostus  kevigatus. 

h,)  Strata  with  Paradoxides  Forchhammeri, 

{aS  Strata  with  Paradoxides  olandicus, 

h,)  Strata  with  Paradoxides  Davidis. 

(2.)  Strata  with  Paradoxides  Tessini. 

(1.)  Strata  with  Paradoxides  JS^ertdfi. 

*In  a  communication  published  in  this  JournaL  xxxi,  472,  1886,  the  writer 
stated  that  P.  Kjertdfi  occurred  in  Newfoundland,  but  on  further  examination  of*  the 
material  in  which  the  trilobite  so  referred  occurs,  it  seems  doubtful  if  it  is  that 
species.  The  cheeks  in  the  Newfoundland  trilobite  are  free,  whereas  according:  to 
Dr.  Brdgger  the  cheeks  of  P.  (0.  t)  IQ'erulfi  are  soldered  to  ihe  middle  piece  of  the 
head  shield ;  and  there  is  no  free  cheek  as  in  the  typical  Paradoxidea.  The 
example  supposed  to  have  been  found  at  Kennebecasis  Hiver  is,  for  the  same 
reason,  not  P.  ^'ertUfi.  Dr.  Brofrger  has  stated  tliat  the  pyg^dium  is  unknown 
and  probably  small ;  but  until  this  part  is  recovered  and  found  to  be  of  the  same 
kind  as  that  of  the  American  Olenelli,  we  cannot  with  confidence  speak  of  it  as 
belonging  to  the  genus  Olenellus ;  I  have  therefore  preferred  to  usein  this  article 
the  generic  name  under  which  it  vas  originally  (described.  Dr.  Brdgger  now 
gives  Wahlenbergi  as  the  specific  name  of  this  trilobite,  but  on  referring  to  the 
place  where  this  name  is  used  it  appears  as  one  of  a  list  of  species,  but  is  not 
accompanied  by  figure  or  description. 

t  This  Journal,  vol.  ixxu,  No.  192,  Dec.,  1886. 
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The  position  of  No.  4,  or  the  beds  carrying  P.  olandwus^  was 
said  to  be  doubtful,  as  not  determined  by  observed  sections  of 
the  Cambrian  beds;  it  is  however  the  horizon  assigned  by  Mr. 
A.  Sjdgren  the  describer  of  the  species. 

Having  observed  the  stratigraphical  position  of  the  Arcadian 
representative  of  this  species  {P.  lamellatus  Hartt)  to  be  below 
the  beds  which  carry  the  Acadian  species  allied  to  P.  I'esaini 
the  writer  ventured  to  inquire  of  Professor  Lindstrom  of  Stock- 
holm what  the  position  of  P,  dlandicus  was,  and  by  a  letter 
lately  received  from  that  gentleman  he  learned  that  "  in  1875 
Professors  Nathorst  and  Dames  found  the  zone  of  P,  dlandicus 
to  be  older  than  that  of  P.  TessinV 

The  importance  of  this  fact  is  the  greater  from  the  many 
points  of  aflSnity  between  this  species  (P.  dlandicus)  and  P, 
Kjerulji.  Mr.  Ford  in  his  valuable  article  above  referred  to, 
speaks  of  **a  number  of  strong  points  of  resemblance*'  between 
these  species,  but  does  not  specify  the  point  wherein  the  rela- 
tionship consists,  but  some  of  the  more  salient  ones  will 
appear  from  what  follows. 

If  it  could  be  shown  that  the  lower  part  of  the  Para- 
doxidea  beds  in  America  is  characterized  by  a  group  of 
species  which  differ  from  the  typical  Paradoxides  found  higher 
up,  an  advance  would  be  made  in  distinguishing  the  sev- 
eral parts  of  the  Cambrian  system  on  this  side  of  the  Atlantic. 
That  there  is  such  a  croup  at  the  base  of  the  Paradoxides  zone 
in  Europe  and  America  is  now  I  think  sufficiently  clear;  and 
some  of  the  points  of  structure  which  mark  it  are  the  follow- 
ing :  The  lest  is  granulated^  ilie  pleural  grooves  are  short  and 
strongly  marked^  the  glabella  and  rachfs  are  prominent,  the  fixed 
cheeks  are  narrow^  the  eyelobes  are  shortened  and  drawn  in  at  the 
base,  the  genal  spines  are  short  {and  channelled  on  the  upper  side?)* 
In  P.  Kjerulfi  the  pygidium  is  not  known ;  in  P.  dlandicus 
the  pygidium  has  four  points;  in  P.  lamellatus  ih^  pygidium 
has  two  points. 

In  the  second  and  third  species  the  pygidium  is  that  of  Para- 
doxides, not  of  Olenellus,  and  it  is  a  matter  still  to  be  deter- 
mined whether  the  first  named  species  is  a  true  Olenellus  in  all 
respects,  and  especially  as  regards  the  pygidium. 

In  Paradoxides  Acadicus  we  have  another  primitive  type,  but 
not  of  the  same  section  in  Paradoxides  as  those  above  named. 
The  recovery  of  the  parts  show  that  it  possesses  the  long  sig- 
moid pleural  furrow  of  the  more  typical  forms  of  the  genus 
and  not  the  comma-shaped  (almost  pear-shaped)  furrow  of  the 
three  species  above  named.  It  has  not  yet  been  found  so  low 
down   m   the   Acadian   (Cambrian)   measures  as  some  other 

*The7  are  channeled  in  P.  Kjerulfi  and  P.'lameUaiua. 
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species ;  but  its  companion-form  in  Europe  has  been  found  to 
be  associated  with  P,  olandictis  whose  place  is  next  above  P. 
Ejerulfi. 

It  is  somewhat  remarkable  that  P.  Eieminicus^  which  is  the 
American  equivalent  of  P.  rugulosus,  should  be  one  of  the  first 
species  of  Paradox  ides  to  appear  in  the  Acadian  region,  while 
in  Scandinavia  it  is  not  known  until  after  the  appearance  of  P. 
Tessini,  a  species  which  is  represented  in  Acadia  at  a  higher 
level  by  P.  Abenacus  ;  possibly  its  later  appearance  in  Europe 
is  due  to  the  higher  measures  presenting  a  more  favorable  hao- 
itat.  In  Acadia  gray  shales  are  followea  by  dark  shales,  bat  iu 
Scandinavia  the  conditions  were  reversed,  as  the  shales  with 
black  streak  are  the  oldest. 

The  succession  of  the  Paradoxides  in  the  St  John  Crroup,  as 
far  as  it  has  been  ascertained,  is  the  following : 


Division  I. 

Band  c 

European  Representa- 
tive. 

Band& 

Bande? 

1 

2 

^ 

Paradoxides  Kjerulfi* 

? 







P.  Kjerulfl.           t 

Parudozides  lamellatiis 

— 

t 





P.  olandicus. 

Paradoxides  Kteminicus.-- 



t 

1 



P.  rugulosus. 

Paradoxides  Micmac 



t 



P.  palpebrosui? 

Paradoxides  Acadicus 

— 

t 

— 

S  P.  SjogrenL 
}  P.  Harknessi? 

Paradoxides  RegiDa^ 

— 

— 

t 

— 

P.  spiooeus? 

Paradoxides  Abenacus 

— 

— 

t 

P.  Tessini. 

Of  the  six  divisions  of  the  Paradoxides  beds  of  Sweden, 
given  by  M.  Linnarsson,  the  three  oldest  have  been  recognized 
in  the  St.  John  Group;  the  presence  or  absence  of  the  three 
higher  remains  to  be  determined. 

In  regard  to  the  form  of  the  glabella  in  P.  Kjerulfi  there 
seems  to  be  considerable  diversity ;  in  those  from  the  green 
slate  of  Tomten  in  Norway  figured  by  Linnarsson  the  front  is 
wider  than  the  base ;  but  in  those  figured  by  Kjerulf  the  front 
lobe  is  as  narrow  or  narrower  than  the  rest  of  the  glabella ;  one 
of  Professor  KjerulPs  figures  show  P,  Kjerulfi  to  be  brachy- 
pleural  when  half  grown.:|: 

St.  John,  N.  B.,  Dec.,  1886. 

*  Fragments  have  been  found  which  may  belong  to  this  species, 
t  A  gigantic  species  intermediate  between  P.  BennetUi  and  P.  Hdrlani. 
^Om  Skuringsmasrker,  eta,   II.     Sparagmitfjeldet  (Christiania,   1873),   p.  83, 
fig.  3. 
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Abt.  XLIII. — ^On  Taconic  Rocks  and  Stratigraphy^  with  a  Geo- 
logical  Map  of  the  Taconic  region  (Plate  XI) ;  by  Jakes  D. 
Dana. 

Part  IL     The  Middle  and  Northern  Part. 
(Continued  fh>m  p.  276  of  this  volume.) 

The  map  of  Middle  and  Northern  Berkshire  mentioned  in 
the  preceding  part  of  this  paper  (p.  270  of  this  volume),  is  here- 
with published.  For  detailed  explanations  of  the  symbols  and 
letters  used  on  the  map,  the  reader  is  referred  to  p.  206  of  vol- 
ume xxix  (March,  1885)  of  this  Journal.*  The  map  illus- 
trates fully  the  })oints  presented  on  pages  271-276:  (1)  the 
eastern  limestone  with  its  intercalated  and  often  isolated  ridges 
of  schist;  (2)  the  passage  of  the  eastern  limestone  belts  into  the 
western — as  that  of  the  Vermont  through  North  Bennington, 
into  the  Hoosac  and  Petersburg  area,  that  of  the  Vermont, 
through  Williamstown  and  Hancock,  into  the  Lebanon  and 
Canaan  area,  and  the  near  approach  of  the  latter  at  Canaan  to 
junction  with  the  Stockbridge  limestone  in  West  Stockbridge; 
(8)  the  variations  from  normal  directions  and  continuity  in  the 
belts,  apparently  due,  for  the  most  part  at  least,  to  earlier  topo* 

Graphical  conditions — exemplified  (1)  in  the  Williamstown  and 
!larksburg  region;   (2)  in  the  town  of  Bennington;  (3)  in  the 

*  For  the  convenience  of  the  reader,  the  following  explanations  of  the  lettering 
on  the  mnp  and  the  symbols  in  the  figures  beyond,  are  here  repeated  in  brief. 
Q,  quartzyte ;  M,  mica  schist ;  M,  (not  used  before)  hvdromica  schist ;  Gn,  gneiss ; 
A,  Archffian.  In  the  figures,  a  dot  stands  for  quartz,  a  hyphen  for  mica,  and  a 
cross  ( + )  for  fnkispar,  a  long  hyphen  —  for  hydrous  mica  ;  dots  for  quartzyte ; 
alternating  dots  and  hyphens  •  -  •  •  for  mica  schist ;  alternating  dots  and  long 
hyphens  •  —  •  —  for  hydromica  schistd ;  and  alternating  dots,  hyphens  and  crosses 

(•  -  +)  for  gneiss;  alternation  of  four  dots  with  a  hyphen  ( )  for 

micaceous  quartzyte;  alternations  of  two  or  three  dots  with  a  hyphen  ( ) 

for  quartzytic  mica  schist ;  the  lines  alternate  with  a  rule,  for  a  bedded  or  schistose 
rock  as  mica  schist,  hydromica  schist  and  bedded  quartzyte ;  and  groups  of  3  or  4 
lines  with  rule  between,  for  gneiss  or  slightly  bedded  quartzyte.  In  the  section 
the  dip  of  the  lines  is  the  true  dip ;  an  unfilled  space  in  the  inner  part  of  a  figure 
of  a  section  signifies  that  the  dip  was  obtained  from  exposures  over  the  surface, 
and  not  fVom  an  actual  transverse  section;  while  an  unfilled  interval  between  the 
lines  indicates  a  concealment  by  soil,  and  the  figures  added,  the  width  of  the  cov- 
ered surface ;  the  end  of  a  figure  to  the  right  is  always  the  eastern  or  northern 
end ;  a  circle  with  a  letter  inside  means  a  quarry  or  ore-bed,  and  the  letter  indi- 
cates the  material  afforded :  Fe,  the  iron-ore,  limonite ;  Q.  quartzyte  as  hearth- 
stone or  sand.  The  map  was  plotted  on  the  maps  of  Beers's  Atlases,  which, 
while  of  g^reat  value  for  t^e  purpose,  have  not  the  accuracy  of  a  thorough  survey 
of  the  region ;  and  hence  some  unavoidable  errors  are  introduced  whidi  I  could 
easily  make  right  on  a  new  map  of  equal  size  (mostly  two  inches  to  the  mile),  and 
having  all  of  its  details,  including  the  positions  and  names  of  owners  of  all  houses 
which  aid  in  marking  localities  or  as  a  base  for  measurements.  Some  of  the 
areas,  as  the  narrow  one  of  schist  in  NTew  Alford,  might  take  a  more  probable 
form  on  such  a  map,  since  the  roads  have  been  the  chief  means  of  fixing  the 
courses  of  the  outlines.  As  in  the  map  of  Southern  Berkshire,  it  was  not  possible 
to  adjust  to  the  Massachusetts  map  the  lines  on  the  portion  of  Connecticut  added 
to  it,  so  it  is  as  regards  the  addition  of  Vermont.    Scale  ^  inch=  I  mile. 
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eastward  extension  of  the  Pittsfield  limestone  and  the  quartzyte 
south  of  it,  and  (4)  in  the  Bear  Mountain  n^gion  with  Monu- 
ment Mountain  west  of  it;  the  loiialities  of  Archsean  being 
recognized  by  the  presence  of  hornblendic  rocks,  sometimes 
zircon-bearing  and  chondroditic  limestone,  from  eastern  Tyring- 
ham  northward  and  marked  on  the  map  by  the  letter  A.  The 
colored  portion  of  the  map  is  that  covered  by  the  limestona 
The  next  subject  is: 

2,  The  Limestone  and  the  conformably  overlying  strata, 

1.  Kinds  of  rocks  and  their  distribution, — The  kinds  of  rocks 
observed  in  central  and  northern  Berkshire,  with  the  adjoining 
border  of  New  York,  are  the  satoe  as  in  the  southern  portion, 
already  considered,  except  that  the  mica  schists  north  of  the 
town  of  Sheffield  have  not  yet  been  found  to  be  staurolitic. 

The  limestone  is  mostly  dolomitic,  except  to  some  extent  (as 
made  known  by  analyses  in  the  Q-eological  Eeport  of  Professor 
E.  Hitchcock  (1841,  p.  80),  in  the  more  western  towns  of 
Berkshire.  The  same  analyses  show  that  the  beds  are  rarely 
true  dolomite,  but  partly  calcite,  by  having  a  deficiency  of 
magnesia,  and  that  consecutive  beds  vary  much  in  constitution. 
The  subject  needs  investigation. 

The  nxjk  varies  in  grade  of  crystallization,  being  coarsest  (a) 
to  the  southward,  and  also  (6)  to  the  eastward.  It  varies  in 
color,  being  usually  white  to  the  eastward,  often  gray  in  the 
more  western  belts  of  Berkshire,  and  generally  gray  west  of 
Berkshire.  It  varies  in  impurity,  being  often  very  micaceous 
in  the  vicinity  of  the  schist  ridges,  so  as  sometimes  to  be  decep- 
tive, and  very  quartzose  near  the  quartzyte.  Tremolite  and 
white  pyroxene,  abundant  minerals  in  the  Sheffield  limestone 
and  its  continuation  southward,  (to  New  York  Island,  if  all 
is  the  same  limestone,  as  is  probable,)  occur  also  in  belts  of 
Monterey,  eastern  Great  Barrington,  Tyringham  and  Lee;  and 
minute  tourmalines  are  occasionally  present 

The  schists  are  hydromica  schists  to  the  westward  and  mica 
schists  to  the  eastward,  along  with  indefinite  intershadings 
through  chloritic  hj'dromica  schists.  Hydromica  and  chlorite 
are  hydrous  species,  so  that  the  difference  in  the  metamorphic 
schists  mentioned  is  largely  a  difference  as  to  the  presence  of 
water;  a  hydromica  containing  4  or  5  per  cent  (but  like  mica 
in  other  constituents),  and  chlorite  containing  12  to  14  per  cent. 
In  the  Greylock  range  the  chloritic  hydromica  schist  passes 
locally  into  a  hydromica  gneiss,  which  I  designated  in  1877  a 
protogine  variety  of  gneiss.* 

The  more  western  schists  west  of  Canaan,  N.  Y.,  are  much 
like  a  glossy  roofing  slate,  showing  in  the  color  no  evidence  of 
the  presence  of  chlorite,  though  it  may  contain  much  of  it 

♦  This  Jouroal,  "Hy  xiv,  258,  260. 
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Id  the  main  Taconic  ran^^e,  along  the  Massachusetts  bound* 
ary,  the  schists  are  chloriiic  hydromica  schists,  and  on  the  east- 
ern sides  often  gnrnetiferous,  especially  to  the  southward.  In 
an  east  and  west  line  through  South  Williamstown  and  Gxey- 
lock  they  continue  to  be  chloritic  hydromica  schists  from  tne 
New  York  boundary  to  the  eastern  slope  of  Greylock,  or  seven 
miles,  where  are  some  portions  that  might  be  designated  true 
mica  schist ;  a  mile  and  a  half  east  of  Qreylock  summit,  near 
the  east  foot  of  the  Greylock  mass,  the  rock  would  be  ordinarily 
called  mica  schist;  and  this  is  true,  also,  farther  north,  abreast 
(west)  of  the  village  of  North  Adams,  as  seen  at  the  little  rail- 
road tunnel,  although  the  mica  is  slightly  greasy  to  the  touch. 

The  mica  schist  \i^  sometimes  muscovito  schist,  often  biotite 
schist,  but  generally  both  micas  are  present 

Looking  at  Berkshire  as  a  whol*»,  in  the  part  of  it  east  of  a 
straight  line  drawn  through  the  county,  southward,  from  Grey- 
lock to  the  northeastern  corner  of  Mt.  Washington  in  South 
Egremont,  about  S.  16*^  W.  in  course,  the  schists  are  nearly  all 
mica  schist,  while  to  the  west  of  the  same  line,  they  are  nearly 
all  chloritic  hydromica  schist  A  ridge  in  Lanesboro  (which 
is  nearly  on  this  line),  has  the  schist  intermediate  between 
hydromica  and  mica  schist,  inclining  most  to  the  latter.  This 
line  throws  to  the  west  the  hi^h  ridges,  Tom  Ball  and  Maple 
Hill,  of  West  Stockbridge,  which  are  of  chloritic  hydromica 
schist,  and  to  the  east,  ridges  near  by  on  the  east  of  these. 
But  to  one  going  over  the  region  the  transition  would  be  found 
to  be  a  very  gradual  shading  from  one  to  the  other,  some 
portions  at  the  northeastern  foot  of  Tom  Ball  almost  meriting 
a  place  with  the  mica  schist. 

Fifteen  miles  south,  in  Canaan,  N.  Y.  (nearly  west  of  Pitts- 
field),  the  schist  west  of  the  limestone  is  a  very  thin,  slaty, 
glossy  roofing  slate;  that  of  the  ridge  east  of  it,  north  of 
Queechy  Lake,  a  coarse  chloritic  hydromica  schist,  except  near 
the  boundary  of  Lebanon  (at  B,  on  the  map,  a  high  point  called 
Douglass  Knob)  where  it  becomes  quartzose,  a  very  hard 
chloritic  quartz  rock,  not  schistose;  the  high  knob  is  the 
source  of  the  famous  bowlder  trains  that  cross  Richmond  into 
Lenox,  first  studied  out  by  Dr.  Stephen  Reid,  of  Pittsfield. 

East  of  the  N.  by  E.  and  S.  by  W.  line  drawn  from  Grey- 
lock to  the  northeast  base  of  Mt.  Washington,  the  larger  part 
of  the  mica  schist  is  extremely  arenaceous;  and  it  often  gradu- 
ates imperceptibly  into  a  bedded  quartzyte,  or  alternates  with 
strata  ot  quartzyte,  both  that  of  the  thin-bedded  kind,  and  of 
the  hard  and  massive,  precisely  as  described  in  Part  I  of  this 
paper  for  Southern  Berkshire  and  the  adjoining  part  of  Connec- 
ticut; and,  as  there,  the  rock  usually  contains  minute  tourma- 
lines. The  narrow  ridge  entering  the  town  of  Great  Barrington 
from  Sheffield  west  of  the  railroad,  consists  of  bedded  quartzyte 
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slightly  micaceous.  The  ridge  just  north  of  this,  situated  to 
the  west  of  the  village  of  Great  Barrington,  consists  partly  of 
mica  schists,  of  nearly  normal  type,  though  over-arenaceous, 
and.  largely  of  micaceous  bedded  quartzyte,  with  also  much 
hard  quartzyte  especially  to  the  north;  and  just  northwest,  a 
low  quartzyte  area  extends  to  the  base  of  Tom  Ball ;  while 
northeast  are  others  of  quartzyte.  North  of  Housatonic  village 
quartzyte  beds  alternate  with  true  mica  schists.  Monument 
Mountain  has  two  strata  of  hard  quartzyte  with  quartzytio  mica 
schist  between  them ;  but  the  latter  passes  into  a  massive  fine- 
grained micaceous  rock,  gneiss-like  in  aspect,  which  is  calca- 
reous (eflfervescing  with  acid).  East  of  Great  Barrington,  a  very 
similar  gneissoid  rock,  somewhat  calcareous,  is  the  chief  mate* 
rial  of  the  lower  part  of  a  high  ridge,  and  shows  out  gneiss-like 
in  the  great  tumbled  masses  at  the  base  of  the  bluff  at  the  north 
end  and  where  quarried;  at  the  summit,  the  ridge  is  bedded 
micaceous  quartzyte,  passing  into  micaceous  or  quartzytic  mica 
schist. 

The  quartzytic  mica  schists  and  micaceous  quartzyte  consti- 
tutes also  Battlesnake  Mountain  in  Stockbridge  and  other  ridges 
farther  north  to  Adama     But  for  details  I  refer  to  the  map. 

A  microscopic  examination  of  thin  slices  of  the  gneissoid 
rock  of  the  ridges  east  of  Great  Barrington,  and  of  that  in  Monu- 
ment Mountain,  shows  that,  besides  much  quartz,  considerable 
mica  and  a  little  calcite,  it  contains  also  considerable  ortho- 
dase,  and  merits  the  name  of  a  quartzytic  gneiss  or  a  gneissic 
quartzyte. 

In  Tyringham  there  is  a  well  characterized  gneiss  overlying 
the  limestone. 

The  destructibility  of  the  bedded  quartzyte  and  the  quartz- 
ytic mica  schists  is  generally  a  marked  peculiarity.  It  is  very 
common  to  find  decay  extending  down  one  or  two  hundred 
feet,  concealing  deeply  the  solid  rock.  The  decay  sometimes 
leaves  a  hillside  covered  with  loose  blocks  of  hard  quartzyte, 
derived  from  harder  layers,  or  isolated  harder  portions,  in  the 
strata.  The  porosity  of  the  rock  renders  it  permeable  by  waters 
to  great  depth  ;  and  then  the  presence  of  a  little  removable  cal- 
cite or  orthoclase  makes  destruction  easy. 

2.  Limits  between  the  limestone  and  other  areas, —  The  approxi- 
mate limits  of  the  limestone  areas  are  in  general  easily  obtain- 
able, as  outcrops  are  numerous.  But  there  are  many  regions 
where,  owing  to  the  covering  of  drift  and  the  extensive  decom- 
position of  the  rocks  (the  arenaceous  schists  and  the  bedded 
quartzytes),  the  uncertainties  are  great. 

The  firrt  of  these  sources  of  doubt,  as  I  have  already  said, 
affects  widely  the  west  sides  of  hills  and  mountains,  the  side 
that  faced  obliquely  the  moving  glacier.  The  other  may  occur 
any  where.     Rattlesnake  Mountain,  in  Stockbridge,  is  an  ex- 
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ample  of  an  obscaringof  the  north,  west  and  south  sides  by 
both  causes.  Maple  Hill,  in  West  Stockbridge,  has  much  of 
its  west  and  north  sides  under  deep  drift — 250  feet  at  an  ore- 
bed  on  its  northwest  slope.  These  are  examples.  Long  ex- 
perience in  the  region  helps  one  to  probable  conclusions  in 
many  such  cases,  but  in  others,  doubts  will  remain.  In  Adams 
the  limit  at  the  west  foot  of  the  Hoosac  Range  is  one  of  the 
worst  cases — a  region  of  half  a  mile  or  more  intervening  with- 
out outcrops ;  and  between  the  central  quartzyte  belt  of  the 
town  and  the  range,  it  is  still  a  question  with  me  whether  the 
quartzyte  formation  with  its  arenaceous  mica  schist  may  not 
extend  for  a  considerable  distance  quite  to  the  base  of  the 
mountain.  The  first  rock  encountered  on  the  ascent  of  that 
part  of  the  mountain  is  a  light  colored  very  arenaceous  mica 
schist,  like  beds  in  the  quartzyte  area,  and  also  like  much  of 
Hoosac  Mountain  elsewhere.  The  Clarksburgh  region  is  one 
of  much  doubt  on  account  of  the  few  outcrops. 

The  quartzyte  bowlders  over  a  region  are  an  assistance 
toward  a  knowledge  of  what  is  below,  since  they  are  often  not 
drift  bowlders,  but,  as  explained  above,  masses  left  where  they 
now  are  by  decomposition.  But  again  they  are  very  deceptive 
evidence;  for  the  region  just  mentioned,  east  and  southeast  of 
Adams,  has  striking  examples  of  an  abundance  of  quartzyte 
bowlders  over  the  surface  where  the  rock  below  is  limestone. 

3.  Stratigraphic  relations. 

Limestone,  hydromica  schist,  mica  schist  and  quartzyte,  and 
intermediate  gradations  between  these,  being  the  rocks  within 
the  limestone  limits,  the  question  is  now  as  to  their  stratigraph- 
ical  relations. 

1.  No  general  overihrust  faulting. — The  facts  with  respect  to 
the  relative  positions  of  the  rocks  here  set  forth  require  no 
allowance  for  possible  overturns  except  such  as  affect  single  or 
A  few  associated  folds.  That  there  has  been  no  great  overturn 
affecting  the  region  as  a  whole,  or  over  a  large  part,  is  proved 
by  the  following  characteristics  of  the  region  and  its  rocks. 

The  gradual  transition  in  kinds  of  rocks  and  in  grade  of 
metamorvhism  from  east  to  west  over  the  Taconic  region;  the 
like  grade  in  the  metamorphism  of  the  limestone  and  the  schist 
adjoining  it,  through  all  parts  of  the  region ;  the  absence  of 
eastern  rocks  from  the  western  part,  and  of  western  from  the 
eastern ;  the  gradual  transitions  in  many  cases  from  limestone 
to  schist  through  impure  micaceous  and  sandy  limestones; 
these  are  all  indubitable  evidences  on  this  point. 

Not  only  are  the  transitions  from  limestone  to  schists  marked 
by  micaceous,  arenaceous,  and  other  similar  impurities,  but 
also  in  many  places  by  ferriferous  conditions  in  both  the  schist 
Am.  Jour.  Scl— Thibd  Series,  Vol.  XXXIII,  No.  196.— April,  1887. 
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and  limestone,  and  preeminently  in  the  limestone  which  occurs 
adjoining  the  schist  at  intervals  for  long  distances  in  western 
Berkshire  (in  Lanesborough,  Eichmond,  and  West  Siockbridge 
and  less  abundantly  in  other. towns),  as  well  as  in  Vermont 
to  the  north  and  Connecticut  and  New  York  to  the  south — the 
limonite  beds  attesting  to  it.  This  is  good  evidence  that  the 
beds  are  natural  in  sequence;  that  there  has  been  no  great 
lateral  move  by  a  thrust-fault  over  the  region  of  Berkshire  and 
eastern  New  York,  disturbing  the  order  of  stratification. 

2.  The  true  stratification  is  not  disguised  by  foliation,  or  slaty 
cleavage,  or  other  ejects  of  pressure, — Questions  as  to  slaty  cleav- 
age, foliation,  schistosity,  are  not  a  source  of  serious  difficulty 
in  the  Taconic  region.  If  the  rocks  were  all  slates,  all  mica 
schist,  all  hornblende  schist,  or  all  limestone,  that  is,  were  wholly 
of  one  kind,  the  uncertainties  as  to  bedding  or  not  might  be 
well-nigh  insurmountable.  But  where  the  three  kinds  are 
together  in  alternating  layers  or  strata,  the  doubts  disappear, 
for  there  is  then  distinct  stratification  between  layers  or  strata 
of  different  kinds  in  constitution,  and  the  atudy  of  it  is  like  the 
study  of  stratified  rocks  in  non-metamorphic  regions.  If  in 
such  cases  the  schistosity  of  a  schist  is  parallel  to  the  planes  of 
junction  between  the  layers  or  strata  of  the  different  kinds,  its 
planes  are  essentially  those  of  bedding  whatever  their  origin; 
and  this  is  eminently  manifest  in  Berkshire  where  one  of  the 
rocks  is  limestone.  Alternation  in  strata  or  layers  of  different 
kinds  of  rocks  cannot  be  a  result  of  pressure.  The  principle 
presented  is  as  true  for  Archaean  rocks  as  for  any  others  and 
affords  a  criterion  which  is  of  great  value  in  their  investigation. 

For  the  reasons  stated,  the  Taconic  region  is  as  much  a 
region  of  stratified  rocks  as  that  of  western  New  York.  It  has 
its  strata  of  limestones,  sandstone  (quartzyte)  and  schist,  the  • 
study  of  whose  positions  is  stratigraphical  study,  far  outside  of 
microscopic  investigation,  though  deriving  great  aid  from  such 
investigation  as  regards  the  constitution  of  the  beds,  metamor- 
phic  changes,  and  other  pointa  The  planes  of  junction 
between  the  strata  are  open  to  observation.  And  it  is  wonder- 
ful how  very  generally  the  planes  of  lamination  in  the  schist 
correspond  in  position  with  these  planes  of  junction.  It  is  so 
general  that  the  geologist  of  the  region  comes  naturally  to  the 
opinion  that  it  is  exceptional  for  foliation  to  be  any  other  than 
lamination  conformable  to  the  bedding.  Stratification  in  the 
region  stands  out  with  the  distinctness  that  characterizes  ordin* 
ary  regions  of  stratified  rocks,  and  the  anxious  and  sceptical 
petrographer  has  no  occasion  for  his  doubts,  or  for  bis  expecta* 
tion  of  settling  all  such  cases  with  the  microscope. 

In  many  places,  moreover,  the  strata  are  piled  to  mountain 
height  while  still  nearly  horizontal  in  the  position  of  the  beds* 
Such  nearly  horizontal  lamination  is  not  due  to  pressure  attend* 
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ing  uplift — the  source  of  foliation  or  slaty  cleavage;  if  tetany 
pressure,  it  is  to  vertical,  like  that  of  the  gravitating  mass,  or 
that  pressure  to  which  a  shaly  structure  is  attributed. 

Z,' Stratigraphy  of  the  region. — The  question  in  this  region  of 
upturned,  flexed  and  crystalline  rocks,  is,  as  in  Part  I —  , 

Which  is  normally  the  upper  stratum,  the  limestone,  or  the 
•schist?  Are  the  schist  ridges  usually  synclinals  or  anticlinals? 
The  fact  that  in  the  southern  part  of  the  Appalachians — the 
Alleghany  Mountains — the  ridges  are  usually  synclinals  shows 
that  the  view  as  t^  their  being  synclinals  in  the  Taconic  region, 
if  it  he  sustained,  is  not  excepiional. 

a.  Characters  of  the  flexures, — The  flexures  over  the  area  have 
usually  the  northbyeast  direction  or  strike  characterizing  the 
main  Taconic  range.  They  generally,  and  probably  always, 
have  the  axis  inclined  instead  of  horizontal — sometimes  to  the 
northward  and  as  often  to  the  southward,  the  two  kinds  bein^ 
necessarily  accompaniments  in  a  complex  system  of  warping 
(as  not  badly  illustrated  in  the  sleeve  of  a  coat  at  the  elbow- 
bend  inside).  The  inclination  is  sometimes  indicated  by  the 
form  of  the  ground-plan  of  the  schist  ridges — that  is  by  its 
widening  from  one  end  to  ihe  other.  An  example  is  seen  on 
the  map,  west  of  the  village  of  Great  Barrington  :  the  area  nar- 
rows southward  ;  and  it  necessarily  follows  that  the  axis  of  the 
flexure  inclines  to  the  southward  if  it  is  an  anticlinal  and  to 
the  northward,  if  a  synclinal.  Two  similar  areas  occur  in  the 
town  of  West  Stockbridge,  those  of  Maple  Hill  and  Torn  Ball 
rthe  latter  extendini/  into  the  town  of 
Great  Barrington);  others  in  Lee  and 
Pittsfield. 

The  dips,  moreover,  often  indicate  the 
precise  kind  of  flexure.  At  the  narrow 
end,  they  are  usually  eastward  on  both 
the  east  and  west  sides,  as  in  a  careened 
trough,  as  in  the  annexed  (fig.  4) ;  but 
at  the  other,  while  eastward  on  the  west 
side,  they  are  often  westward  on  the  east 
side,  indicating  a  tray  like  synclinal  (fig.  1) 
— the  whole  fold  being,  therefore,  an  in- 
clined tray  like  synclinal  with  the  nar- 
rower end  of  the  synclinal,  or  that  where 
the  effects  of  pressure  were  greatest,  ca- 
reened or  overthrust  The  succession  of 
figures  I,  2,  8,  4,  represent  sections  of  a 
mountain  ridge  having  a  broad  tray-like 
synclinal  structure  (1)  at  one  end  and  a 
careened  synclinal  (4)  at  the  other,  with  two  of  the  interme- 
diate conditions  in  2  and  3;  and  if  the  series  of  figures  is 
viewed  upside  down,  they  then  serve  to  illustrate  the  corre- 
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sponding  variations  in  an  anticlinal  flexure.     (These  figures 
are  repeated  on  the  map  and  numbered  62). 

h,  Descripii'ons  of  Sections. — The  figures  on  the  accompany  ing 
map  of  Berkshire  and  in  the  text  beyond  represent  some  of  the 
many  sections  observed  in  the  region:  and,  as  alrea<1y  ex- 
plained, they  indicate  also  the  kinds  of  rocks.  The  descrip- 
tions of  the  sections,  as  well  as  the  numbering,  here  commences 
at  the  south.  Numbers  1  to  21  are  those  already  published  in 
Part  I.  Of  the  30  in  this  Part,  figures  22  to  30  have  appeared 
in  my  earlier  papers  on  Berkshire,  and  ar^  presented  at  this 
time  only  on  the  map ;  and  I  would  refer  to  those  papers  for 
details  with  regard  to  the  stratification.* 

Section  22  (map).  In  the  Kon kaput  Valley,  on  its  northeast 
side,  at  the  southwestern  base  of  the  high  land  from  which 
Bear  Mountain  rises;  part  of  the  section  is  south  of  the  road, 
and  the  rest  north  of  it ;  the  latter  part  terminates  in  "Devany's 
hearthstone  quarry  "(not  now  worked)  which  is  situated  a 
little  to  the  eastward  of  the  line.  The  several  alternations  of 
quartzyte  and  mica  schist  with  limestone,  the  micaceous  char- 
acter of  much  of  the  quartzyte,  and  the  small  dip  northeastward 
are  the  interesting  points. 

Sections  23,  24  (map).  On  the  southwest  side  of  the  same 
Konkaput  Valley  opposite  the  locality  of  the  preceding  section, 
at  the  base  of  the  high  ridge.  In  section  23,  the  limestone 
does  not  appear  at  bottom,  the  soil  covering  it;  but  farther 
south,  along  the  base  of  the  same  ridge,  sections  occur  like  24, 
showing  the  true  relations  of  the  limestome  to  the  quartzyte 
and  the  overlying  mica  schist;  the  rocks  are  like  those  of  sec- 
tion 22,  but  the  dip  is  reversed  as  if  opposite  parts  of  an  anti- 
clinal. The  localities  are  in  the  southeastern*  part  of  the  town 
of  Great  Barrington. 

Section  25  (map).  Just  east  of  the  Housatonic  River  at  the 
village  of  Great  Barrington,  extending  eastward  from  the  lime- 
stone in  the  valley  at  the  base  of  the  high  ridge  (with  a  fault 
separating  it  from  the  rest),  to  the  top;  a  gneiss-like  rock 
below,  a  micaceous  quartzyte  at  top. 

Section  26  (map).  West  of  the  village  of  Great  Barrington — 
a  ridge  consisting  of  arenaceous  mica  schist,  micaceous  quart- 
zyte and  bedded  and  non  bedded  quartzyte.  Limestone  makes 
the  western  high  part  of  the  ridge  opposite  the  village.  Unfor- 
tunately, no  section  of  the  north  end  of  the  ridge  is  open  to 
view. 

Section  27  (map).  Section  27  crosses  a  low  N.-S.  ridge  just 
northwest  of  Vandeusenville  (three  miles  north  of  Great  Bar- 

*  This  Journal,  vols,  v  and  vi,  1873,  and  xiii  and  xiv,  1877.  The  locality  of 
each  section  is  marked  on  the  map  bj  large  numerals  corresponding  with  the 
numberiug  of  the  figures  here  used. 
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rington,  and  east  of  Long  Lake  Valley),  which  consists  mostly 
of  quartzyte,  but  has  quartzytic  limestone  within  it,  and  lime- 
stone on  the  west  side  and  arenaceous  mica  schist  near  the  east 
base  in  Williams  River  Valley.  At  the  outcrop  the  limestone 
portion  of  the  quartzyte,  as  developed  by  erosion,  shows  that 
the  dip  of  the  quartzyte  is  beyond  question  conformable  to 
that  of  the  limestone. 

Sections  29,  30  (map).  Section  29  crosses  the  northern  part 
of  the  schist  ridge  Tom  Ball,  where  it  is  a  tray-like  synclinal, 
and  SO  the  midale  portion  where,  as  farther  south,  it  is  a  ca- 
reened synclinal.  The  number  29  on  the  map  (back  of  a  house 
near  the  bridge  over  the  river)  shows  where  the  westward  dip 
of  the  limestone  underneath  the  schist  may  be  observed.  At 
this  place,  on  the  east  side  of  the  river  and  railroad,  the  lime- 
stone dips  eastward,  indicating  an  anticlinal  in  it  crossing?  the 
valley.  The  high  ridge  of  West  Stockbridge  called  Maple 
Hill  commences  with  a  high  eastward  dip  just  north  of  where 
Tom  Ball  ends,  and  widens  northward. 

Section  81.  On  the  north  side  of  an  eastandwest  road  a 
mile  north  of  Housatonic  Village  (a  road  leaving  the  Housa- 
tonic  Valley  nearly  opposite  the  "Old  Furnace."  It  shows  a 
low  limestone  anticlinal  with  mica  schist  covering  either  side. 
A  short  distance  to  the  northward  of  the  locality,  the  middle 
and  eastern  sides  are  cut  away  by  denudation;  the  western 
continues  northward  as  a  ridge  having  a  top  of  schist  and  a 
high  base  of  limestone,  both  dipping  westward  as  in  the  sec- 
tion. Southward  the  limestone  disappears  beneath  the  schist, 
the  eastern  part  of  which  dips  eastward  toward  Monument 
Mountain  (only  a  mile  distant  on  the  east  of  the  Housatonic) 
and  becomes  apparently  the  lower  schist  of  the  west  end  of  the 
mountain  with  limestone  beneath  it 

To  the  southwestward  of  the  above  (see  map)  occurs  a  low 
narrow  ridge  which  consists  of  quartzvte,  and  corresponds  ap- 
parently to  the  overlying  quartzyte  of  the  same  (west)  part  of 
Monument  Mountain ;  and  on  its  west  side  it  is  mica  schist, 
answering  to.  the  schist  of  the  mountain  overlying  the  same 
quartzyte.  The  same  rocks  outcrop  farther  south  through, 
and  by  the  west  side  of  Housatonic  Village. 

Sections  32,  38.  On  the  road  between  Glendale  and  the 
Williams  River  Valley  in  North  Stockbridge,  and  north  side 
of  road,  at  the  south  end  of  a  spur  of  Lenox  Mountain.  Sec- 
tion 32  shows  the  very  nearly  horizontal  position  of  the  schist 
(a  hydromica  schist  that  approaches  closely  mica  schist)  and 
underlying  limestone.  Nearly  the  same  dip  may  be  seen  farther 
west  where  the  road  descends  into  Williams  River  Valley. 
The  limestone  extends  up  200  feet  above  the  valley  on  the 
steep  side  of  the  mountain,  and  a  railroad  runs  near  the  junc- 
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tion  ;  and  near  the  Fuarey  quarry,  section  83  was  taken,  show- 
ing the  dip  of  the  limestone  under  the  schist.  The  synclinal 
character  of  Lenox  Mountain,  and  the  tray-like  character  at  the 


i  m.  N.  of  Housatonic  Villaga.  W.  of  "  Old  Furnac 


83.    W.  of  Clendal*. 


south,  is  sustained  by  the  sections  ;  and  this  indicates  that  the 
limestone  of  West  Stoekbridge  and  Stockbridge  are  the  same 
continuous  stratum;  a  fact  further  apparent  from  their  actual 
continuity  to  the  northward  in  the  town  of  Pitlsfield. 

Section  34.  Through  Monument  Mountain  from  the  east 
side  of  the  Housatonic  River,  at  Housatonic  village,  in  a 
southwest  direction,  nearly  to  the  road  from  Great  Barrington 
to  Stockbridge.  It  gives  the  true  dip  at  the  east  and  west  ex- 
tremities of  the  section,  and  the  mean  dip  of  the  intermediate 
portion;  also  the  dip  of  the  limestone  at  a  quarry  to  the  east 
of  the  eastern  foot,  near  the  Stockbridge  road.  It  has  two 
masses  or  strata   of  quartzyte  with   arenaceous  or  quartzytic 


.--iff 


84.     Acrot«  M6num«nt  M^.,  Southeastwtfd  from  HouMtonic  Village  to  Stockbridgt  road. . 


mica  schist  between,  and  a  thin  bed  of  the  same  schist  under- 
neath the  western  quartzyte.  No  exposed  section  shows  the 
rock  underlying  the  western  lower  schist ;  but  the  dips  of  the 
schist  to  the  westward  of  the  river,  with  the  underlying  lime- 
stone, as  explained  above  (p.  401),  leave  little  doubt  that  the 
limestone  passes  beneath  the  mountain.  The  upper  and  lower 
quartzyte  may  be  the  same  stratum  in  an  overthrust  fold  as 
represented  in  the  following  figure.  In  that  case,  the  limestone 
off  the  east  end  of  the  mountain  is  a  part  of  the  underlying 
limestone  at  the  upward  bend.  The  position  of  the  quartzyte 
and  mica  schist  strata  west  of  the  mountain  and  of  the  Housa- 
tonic River  harmonizes  with  this  view,  as  shown  in  the  explana- 
tions already  given  (p.  401).     A  line  drawn  from  the  elevation 
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east  of  Great  Barrington  southeastward  to  the  locality  in  the 
Konkaput  valley  affording  section  23,  is  parallel  to  the  Monu- 
ment Mtn.  section,  and  about  three  miles  distant ;  it  is  similar  in 
rocks  and  small  dip,  but  reversed  in  dip,  and  in  having  the 
limestone  at  the  west  end  nearly  vertical  in  bedding.  They 
seem  to  be  counterparts,  in  the  system  of  flexures  of  the  same 
rock  strata. 


Monumc-nt  Mtn  Idval  8ecH«n. 


While  the  above  view  of  the  flexures  affords  a  suflicient  ex- 
planation of  the  stratification,  it  may  not  be  the  right  one. 
There  may  be  actually  two  distinct  beds  of  quartzyte,  as  the 
figure  represents  ;  or  possibly,  the  beds  may  be  faulted  at  the 
middle  of  the  section,  and  a  displacement  sufficient  to  make 
apparently  two  beds  of  quartzyte  out  of  one;  and  this  last 
view  has  in  its  favor  the  fact  of  much  irregularity  of  dip  on  the 
line  near  the  top.  Again,  there  may  be  a  reversal  of  the  fold, 
making  the  quartzyte  underlying  quartzyte  or  Cambrian,  and 
the  schist  of  the  mountain  an  inferior  stratum  of  the  same  forma- 
tion^ with  the  limestone  above  the  quartzyte  and  also  an  over- 
lying stratum  of  schint. 

Sections  85,  36.  From  the  village  of  Lee.  Section  35  runs 
eastward  through  the  western  and  larger  of  two  nearly  parallel 
areas  starting  from  a  point  near  the  M.  E.  church  in  the  village. 
Hard  quartzyte  is  overlaid  by  arenaceous  or  very  quartzytic 
mica  schist,  and  this  again  by  quartzyte.     Section  36  is  from 


35.    Vill.gt  «f  Leti  E.  of  M«th.  Church.  86.     Ewt  of  Lee 


the  western  side  of  a  more  eastern  ridge,  just  east  of  the 
village;  it  is  remarkable  for  the  absence  of  quartzyte,  and  the 
normal  character  of  the  mica  schist,  notwithstanding  the  near- 
ness and  close  relations  of  the  two  areas.  At  the  top  of  this 
ridge  the  schist  bends  over  rather  abruptly  and  becomes  nearly 
vertical.     It  may  be  faulted. 
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Sections  37-89  in  Tjringham.  Section  87  is  on  a  line  ex- 
tending nearly  westward  from  Tyringham  village  to  the  suminit 
of  "  Cobble  Hill "  which  stands  in  the  valley  near  the  village. 
Fig.  89  is  a  view  up  the  valley,  looking  southward,  showing 
the  hill  (at  c)  in  the  valley.  The  limestone  dips  beneath 
noiica  schist-and  gneiss,  and  the  latter  is  the  predominant  rock* 


87.     CobbU  Hill,  T/ringham. 


».     W.  of  Cobble  Hill.  Tyringham. 


The  limestone  and  schist  of  Cobble  Hill  extend  westward,  and 
are  the  rocks  at  a  high  level  (300  feet  or  so)  on  the  west  side  <>( 
the  valley  jusi  south  of  an  old  Shaker  establishment;  and  they 
extend  from  that  place  northward  at  about  the  same  level  all 
the  way  to  South  L^e,  keeping  nearly  the  same  high  level.  At 
a  point  a  few  rods  south  of  the  Shaker  establishment  (now  a 
summer  boarding  house)  the  limestone  and  schist  outcrop  on 
the  road  side,  as  in  section  38,  the  former  disappearing  under- 
neath the  latter;  but  whether  normally  underlying  or  not  is  an 
undecided  question. 


89  T^rin^Kmi  40.    Southern  p«rt  of 4.*«. 

On  the  east  side  of  the  Tyringham  valley  the  limestone  over- 
lies quartzyte  or  gneiss,  and  is  not  found  anywhere  much  above 
the  level  of  the  valley  plain. 

Section  40.  At  the  foot  of  the  east  slope  of  Tyringham  val- 
ley, in  South  Lee,  where  bedded  quartzyte  dips  westward  at  a 
small  angle,  crossing  the  road  ;  but  at  one  place,  just  south  of 
this  crossing;,  in  the  field,  the  limestone  is  seen  overlying  the 
quartzyte  with  similar  westward  dip  and  nearly  the  same 
angle. 


^m. 


41. '  E.  p't  of  Wash..  £  .  o(  Dewey's 


Section  41.  On  the  western  border  of  the  town  of  Washington, 
west  of  the  Hearthstone  quarry,  and  south  of  the  road  from 
Dewey's  Station."^     A  large  outcrop  of  arenaceous  mica  schist 

*  On  the  map,  fig.  41,  the  location  of  the  section  is  wrongly  stated  to  be  west 
of  Dewey's  Station,  instead  of  east. 
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with  quartzyte,  the  rock  of  the  region,  above.     Only  a  few  feet 
without  rock  intervenes  between  the  schist  and  quartzyie. 

Section  42.     In  Washington,  near  Ashley  Lake,  quartzyte 
and  mica  schist  in  contact,  with  like  dip. 


Ashley  Lak«LWAshingtoni. 


Section  43.  At  the  north  foot  of  South  Mountain,  souih  of 
Pittsfield,  near  the  road,  where  there  has  been  quarrying.  The 
westward  dip  indicates  the  synclinal  structure  of  the  mountain. 

Section  32  (page  402)  represents  well  also  a  section  at  the 
southwest  base  of  Sugar  Loaf  Mountain  in  New  Ashford. 

Sections  44-48.  These  sections  in  Adams,  North  Adams 
and  Williamstown  bear  on  the  question  as  to  the  synclinal 
structure  of  Greylock.     Section  44  represents   the  limestone 


49.     W.  Bid*  of  Graylock,  at  the 
Hopper.  Williimistown. 


44      E  «id«  of  Graylock  Section.  W.  of  Adams. 


Same  as  45.  but  S.  of  Entrance. 


47.    West  of  N.Adams.. 


and  schist  at  the  east  base  of  Greylock,  in  Adams,  showing  the 
westward  direction  of  dip  and  its  small  angle,  sustaining  the 
observations  of  Prof.  Emmons  and  Prof.  E.  Hitchcock. 

Sections  45,  46  are  from  the  western  base  of  the  Greylock 
Mountains,  in  Williamstown,  at  the  entrance  to  the  Hopper, 


SadAl«Mou.nlMn  ft«eUon..ETnin«it 


4&A  OTeyleck  Seclien  »IUt  HttcKceck. 


and  also  agree  with  Emmons.  From  these  and  other  observa- 
tions, Emmons's  section,  copied  in  section  48,  was  made.  Farther 
west,  in  the  southern  part  of  Williamstown,  the  strike  becomes 
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nearly  eastand-west,  and  the  dip  s6uthward ;  bat  this  is  tru^ 
also  of  the  schist,  so  that  the  conformability  continuea  This  is 
true  also  to  the  north,  as  the  T-shaped  symbols  on  the  map 
point  out 

Abreast  of  North  Adams,  the  dip  of  the  limestone  and  schist 
is  as  given  in  section  48,  the  dip  being  eastward  ;  and  between 
this  point  and  the  locality  of  section  44,  the  dip  varies  to  verti- 
cal and  thence  to  westward  as  in  that  section.  The  facts  make 
Greylock  a  broad  tray-like  synclinal  at  the  south. 

The  synclinal  character  of  the  Greylock  mass  is  manifest 
also  from  its  high  limestone  basement  which  it  has  on  both 
sides  (except  for  half  a  mile,  in  the  line  of  the  range,  between 
N.  Adams  and  Williamstown),  that  is  all  the  way  from  south 
of  the  Hopper,  northward  to  within  a  short  distance  of  the 
Notch  road,  nearly  south  of  Braytonville  ;  and  then  abreast  of 
Adams  for  about  three  miles,  the  limestone  has  this  great  height 
above  the  valley,  like  a  high  substructure  of  400  to  500  feet; 
southeast  of  Blackinton,  by  aneroid  nearly  500  feet.  The 
lower  400  to  500  feet  of  the  Hoosac  valley  consequently  were 
cut  down  through  limestone.  The  upper  limit  of  the  limestone 
is,  consequently,  about  1150  feet  above  the  sea-level ;  and  this 
is  nearly  one-third  of  the  whole  altitude  of  Greylock — 3,505 
feet.  The  high  limestone  basement  of  Greylock  in  N.  W. 
Massachusetts  has  its  counterpart  in  the  similar  high  basement 
of  Mt.  Washington  in  S.  W.  Massachusetts,  and  that  of  Mt 
Anthony  in  Bennington,  Vt. 

Section  49  crosses  the  road  on  Stone  Hill,  Williamstown, 
where  the  limestone  and  quartzyte  outcrop  together^  The  lime- 
stone, quartzyte  (the  chief  rock  of  the  hill)  and  the  black 
siliceous  slate  conform  in  angle  of  dip  along  the  surface  with 
only  short  intervals  between  the  outcrops.  Whether  there  is  a 
fault  or  not  between  the  limestone  and  quartzyte  I  found  no 


40.     *ciot»  p«rt  of  Stone  HiH,  S.  of  WTilitnstown. 

section  for  determining.  Deer  Hill,  south  of  Stone  Hill,  con- 
sists of  arenaceous  or  quartzytic  mica  schist.  Bald  Mountain, 
between  Williamstown  and  Clarkesburgh,  is  of  quartzyte  with 
some  schist,  as  described  by  Emmons ;  and  a  prolongation  of  it 
appears  to  extend  south  of  Braytonville  into  the  north  end  of 
the  Greylock  mass,  along  the  ascending  road  (but  chiefly  on  its 
eastern  side)  for  a  mile.* 

Section  50.  At  the  northwest  base  of  Mt.  Anthony,  in  Ben- 
nington, Vermont.  At  the  eastern  base  I  found  the  lime- 
stone and  schist  to  dip  westward   corresponding  in  position 

*  The  letter  Q,  which  should  be  here  on  the  map,  is  by  oversight  omitted. 
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*  very  nearly  with  that  of  section  44  (Eastern  Greylock).  The 
synclinal  character  of  the  mountain,  which  is  here  sustained  by 
my  observation«,  was  determined  by  the  Vermont  Geological 
Survey,  one  of  whose  sections  passes  through  the  mountain. 
An  unpublished  section  by  Prof.  James  Hall,  made  I*  about 
1845,"  first  described  in  1854  (in  this  Journal,  an  engraved 
plate  containing  this  among  its  sections  having  been  sent  by 
Mr.  Hall  to  the  writer)  shows  similar  dips  on  the  two  sides. 
Mt.  Anthony  is,  like  Oreylock  and  Mt  Washington,  one  of  the 
more  elevated  summits  of  the  Taconic  range,  the  height  being 
2,606  feet  Mr.  Hairs  plate  of  sections  also  included  one  of 
Mt.  Washington,  and  sustains  the  synclinal  character  of  this 
mountain.  It  is  a  further  interesting  fact  that  Mt.  Anthony 
has  on  its  north  and  east  sides  a  similar  high  limestone  base- 
ment ;  its  height  is  about  400  feet  by  estimate  above  the  val- 
ley at  its  east  base. 


80.     N.  W.  ft  of  Ml.  Anthony.  Bennington. 

Section  51.  The  locality  of  this  section  is  in  Berlin  at  the 
west  side  of  the  Taconic  range;  it  shows  the  slate  and  limestone 
in  alternations  at  their  junction,  with  the  bedding  somewhat 
contorted.  The  section  conforms  to  all  sections  on  the  west 
side  of  the  Taconic  range  in  its  eastward  dip,  and  may  be  taken, 
with  that  at  the  western  base  of  Mt.  Washington,  as  a  repre- 
sentative section.  Other  sections  might  be  added  from  my 
note  book  from  all  parts  of  Berkshire:  but  the  T-shaped  sym- 
bols over  the  map  make  further  additions  unnecessary. 

4.  Stratigraphic  Conclusions, 

1.  Taconic  schists  and  the  limestone  in  the  western  half  of  the 
limestone  region. — From  the  sections  through  the  higher  points 
of  the  Taconic  Mountains,  Mt  Anthony,  Greylock  ana  Mt. 
Washington,  the  following  conclusions  are  deduced. 

(1.)  The  flexures  in  these  three  parts  of  the  Taconic  range 
are  synclinal. 

(2.^  The  limestone  is  the  underlying  rock. 

(3.)  The  limestone  lying  along  the  eastern  and  the  western 
sides  of  the  range  are  continuous  underneath  the  mountains 
and  therefore  one  in  mass, — a  fact  already  proved  for  the 
western  limestones  and  the  eastern,  by  their  continuity  of  mass 
at  the  surface.     It  follows,  consequently,  that — 
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(4.)  The  limestone  must  be  the  underlying  rock  in  general, 
for  the  lower  and  narrower  portions  of  the  Taconic  range — the 
schists  of  which  are  the  same  in  kind  and  essentially  con- 
tinuous. 

(5.)  Tl^^  above  conclusions  are,  for  like  reasons,  true  for 
Tom  Ball,  Lenox  Mountain,  South  Mountain  and  other  minor 
ridges  east  of  the  main  Taconic  range  in  the  western  half  of 
the  Housatonic  Valley,  but  not  certainly  of  all.  The  hydro- 
mica  schists  and  mica  schists  of  these  mountains  are  hence,  for 
the  most  part,  younger  than  the  limestones. 

2.  Tke  quartzyte^  quaHzytic  mica  schists  and  limesUmes  of  the 
eastern  half  of  Die  limestone  region, — In  the  eastern  half  of  the 
Housatonic  Valley,  besides  true  or  normal  mica  schist,  there  are, 
in  alternating  strata,  as  has  been  shown,  arenaceous  (quartzytic) 
mica  schists,  massive  and  bedded  quartzytes,  thinly  bedded 
micaceous  quartzytes,  quartzytic  gneiss  or  gneissic  quartzyte. 
In  the  various  sections  that  have  been  described,  these  rocks 
are  shown  to  be  conformable  with  one  another  and  with  the 
limestone ;  and  this  is  the  universal  fact.  Faults  may  occur 
besides  those  noted,  and  many  of  them  not  now  exposed  to 
view  ;  but  the  conformability  is  a  fact  whatever  their  number. 

With  reference  to  these  rocks,  the  question  as  to  which  is 
normally  the  underlying  formation,  the  limestone  or  the  schists 
with  the  associated  quartzyte,  is  a  different  one  from  that  above 
answered,  and  one  not  admitting  in  all  cases  of  so  positive  an 
answer. 

Some  have  an  opinion  ready  in  advance  of  investigation, 
knowing  that  typical  Potsdam  is  sandstone  or  quartzyte,  and 
assuming  that  the  reverse  is  true, — that  quartzyte  is  rotsdam 
positively.  But  such  assumptions  leave  the  question  still  for 
investigation  since  sand  beds  belong  to  all  ages  and  times;  and, 
further,  with  special  peninence  here,  they  occur  as  an  impor- 
tant  part  of  the  Hudson  River  formation  in  eastern  New  York 
at  Chatham  (Columbia  County)  and  in  other  regions.  The 
quartzytes  graduate  into  mica  schists;  and  so  the  sandstones 
of  the  Hudson  River  formation  graduate  into  shales.  Besides, 
the  schists  of  the  Taconic  hills  pass  by  gentle  gradatioiis  east- 
ward into  the  arenaceous  mica  schist  and  quartzyte,  as  ex- 
plained for  southern  Berkshire  and  the  adjoining  towns  of  Con- 
necticut, on  page  437  of  vol.  xxix,  1885. 

Many  of  the  sections  seem  to  leave  little  room  for  questioning 
the  overlying  position  and  Hudson  River  age  of  the  quartzyte^ 
In  former  papers,*  I  have  presented,  as  evidence  on  this  point, 
facta  like  those  of  sections  22  and  23,  from  opposite  sides  of  the 
Konkaput  Valley  (see  map);  the  rocks  being  there  alike  in 
kind,  in  stratigraphical  relations,  in  small  dip,  but  opposite  in 

*  This  Journal,  III,  r,  33,  1873,  and  xiii,  46,  187 T. 
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direction  of  dip,  and  all  in  harmony  with  the  idea  of  an  anti- 
clinal (northward  in  dip  of  axis)  spanning  the  valley,  with 
limestone  as  the  inferior  rock.  Farther  north  a  section  cross- 
ing the  same  valley  continued  across  Monument  Mountain 
(p.  402)  presents  a  closely  parallel  case,  leading  to  the  same 
view  ot  the  stratigraphic  relations.  The  quartzyte  of  the  east 
end  of  the  anticlinal  over  the  valley  covers  the  western  flank 
of  Bear  Mountain  from  Devany's  quarry  nearly  to  Stockbridge. 

Studying  the  facts  connected  with  some  of  the  other  quartz- 
ytic  ridges  ivilhin  the  limestone  area  with  an  equal  readiness 
for  either  conclusion  under  consideration,  it  is  difficult  to  avoid 
the  conclusion  that  the  limestone  is  the  older  formation. 

But  doubts  are  introduced — not  by  the  idea  that  Potsdam  is 
sandstone  or  quartzyte  and  sandstone  or  quartzyte  is  Potsdam, 
but  by  the  Berkshire  fact  that  some  of  the  quartzyte  is  unques- 
tionably Potsdam  or  Cambrian.  This  appears  to  be  true  of 
the  quartzyte  of  Bald  Mountain  between  northern  Williams- 
town  and  Clarksburg,  as  inferred  from  its  position  with  refer- 
ence to  the  Archaean  mountain  just  eastward,  and  its  connec- 
tion with  the  great  eastern  range  of  quartzyte  in  Vermont.  It 
is  true  of  that  of  southeastern  Pittsfield,  eastern  Lenox,  eastern 
Lee,  eastern  Tyringham,  in  which  cases  Archaean  rocks  are 
near  by,  a  little  to  the  eastward,  and  the  quartzyte  usually  dips 
westward  toward  the  limestone  as  if  passing  underneath  it,  and 
at  one  locality  has  been  observed  to  pass  beneath  it. 

In  the  case  of  the  quartzyte  over  the  west  slope  and  base  of 
Bear  Mountain,  referred  to  above,  the  fact  that  Archaean  prob- 
ably makes  the  higher  part  of  this  mountain*  is  good  reason  for 
reconsidering  the  conclusion  which  has  been  drawn,  and  ques- 


tioning whether  the  fold   in  Monument  Mountain  is  not  the 
reverse  of  that  on  page  403,  as  here  figured.    The  question  has 

♦In  my  paper  of  1873,  in  vol.  v  of  this  Journal,  p.  367,  aud  vi,  p.  263,  I 
describe  a  garnet  rock  consisting  of  garnet,  quartz  and  some  hornblende,  as  occur- 
ring near  the  summit  of  Bear  Mountain ;  and  as  I  have  not  found  any  similar  rock 
elsewhere  in  the  limestone  series,  aud  its  aspect  is  Archeean,  1  have  now  little 
doubt  of  its  Archsaan  relations.  The  loose  mass  of  chondroditic  limestone  found 
on  the  south  macgiu  of  the  high  region,  as  reported  in  the  same  paper,  I  belieye 
to  be  further  evidence  for  the  same  conclusion. 
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its  two  (or  more)  sides,  and  can  be  settled  in  this  and  other 
cases,  only  after  a  carefal  consideration  of  all  the  stratigraphic 
facts. 

The  quartzyte  of  Stone  Hill  and  the  quartzytic  mica  schist 
of  Deer  Hill,  in  Williamsiown,  may  be  either  of  the  upper  or 
lower  quartzyte  formation,  if  judged  only  by  the  facts  tne  hill 
presents.  But  the  position  of  these  areas,  in  the  Williamstown 
valley,  between  high  ridges  of  hydromica  schist  suggest  rather, 
that  it  is  the  underlying  Cambrian  ;  and  this  is  to  be  inferred 
also  from  the  quartzyte  spur  of  the  Bennington  range  reaching 
toward  it  from  the  borders  of  Pownal. 

The  northern  end  of  the  Greylock  range  has  an  area  of 
quartzyte  as  a  continuation  of  that  of  Bald  Mountain,  as  stated 
on  page  406 ;  and  the  mica  schist  near  this  quartzyte  noj-th  and 
east  of  it  may  be  Cambrian,  as  well  as  the  quartzyte.  The 
mica  schist  has  much  resemblance  to  that  of  the  western  part 
of  Hoosac  Mountain ;  and  whatever  the  fact  about  the  for- 
mer, there  is  pome  reason  for  making  Hoosac  Mountain  Cam- 
brian. In  its  western  part  the  mica  schist  is  highly  arenaceous, 
like  much  of  the  mica  schist  of  the  Quartzyte  formation,  and  it 
is  scarcely  Irss  destructible.  T  know  of  no  evidence  from  my 
own  observations,  or  from  published  accounts,  that  proves  it  to 
be  Archaean.  Prof.  E.  Hitchcock  long  since  supposed  a  fault 
to  separate  it  from  the  limestone  formation  of  Adams  ;  but  the 
fault  has  not  been  proved  to  exist,  and,  if  existing,  it  is  no 
necessary  evidence  of  true  unconformability.  Farther  south, 
between  the  quartzyte  of  Cheshire  and  central  Savoy  (see  map), 
the  mica  schist  is  probably,  like  the  quartzyte,  Cambrian. 

This  subject  will  be  considered  again  in  a  following  part  of 
this  memoir  treating  of  the  Lower  Quartzyte  formation. 

5.   Conclusion  as  to  the  age  of  the  Taeonic  Rocks. 

When  the  paper  on  southern  Berkshire  was  published  two 
years  since,  the  evidence  as  to  the  age  of  the  Taeonic  limestone 
and  schists  consisted  in  the  occurrence  of  fossils  in  the  eastern 
belt  of  limestone  in  Vermont,  near  Rutland  and  farther  north, 
and  in  the  western  limestone  and  schists  of  Dutchess  County, 
N.  Y.,  near  Poughkeepsie  and  elsewhere.  Since  then,  as 
already  reported  in  this  Journal,*  the  discovery  of  Lower 
Silurian  fossils  in  Canaan,  N.  York,  has  given  additional  proof 
from  the  limestone  at  the  western  base  of  the  main  Taeonic  Range 
— the  localities  found  occurring  within  one  to  two  miles  of  the 
schists  of  the  range,  and  but  ten  miles  west  of  Pittsfield,  Mass. 
Professor  W.  B.  Dwight  joined  me  in  the  search  there  for 
fossils,  but  did  all  the  finding.     The  Srst  account  of  them,  by 

♦  VoL  XXM,  241,  248,  1886. 
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Mr.  S.  W.  Ford  and  himself  appeared  in  this  Journal  for' 
April,  1886,*  and  announced  the  existence  of  crinoidal  joints, 
and  probably  a  species  of  Cleiocrinns^  of  Pleurotomaria^  and 
Afurchisonta ;  and  made  the  age  to  be  probably,  or  perhaps, 
Trenton.  The  localities  then  known  are  the  two  more  southern 
of  the  four  marked  by  o  in  a  circle  on  the  map,  the  northern 
of  these  two  being  that  at  the  railroad  tunnel  where  the  most 
of  the  specimens  were  obtained.  At  the  meeting  of  the  Ameri- 
can Association  in  last  August,  Professor  Dwight  made  known 
other  fossils  from  a  locality  two  miles  north  of  the  tunnel,  at  Mr. 
Hemming  way's,  including  species  near  Ophileta,  one  to  nearly 
two  inches  in  diameter,  others  related  to  Holopea.  and  numer- 
ous small  crinoidal  disks.  Since  then  he  has  discovered,  in  the 
limestone  500  yards  farther  north  (on  the  property  of  Prof. 
Drown)  still  other  kinds,  including  a  brachiopod,  a  LituHes,  or 
related  form,  an  inch  and  a  quarter  across,  and  Orthocerata 
nearly  a  foot  long  and  two  inches  in  diameter,  remarkable  for 
the  closeness  of  their  septa,  with  also  Trilobites  resembling  the 
Bathyurij  and 'other  kinds  not  yet  determined.  He  has  the 
fossils  under  investigation  and  will  report  on  them  before  lone. 
The  age  of  the  fossils  at  the  last  mentioned  locality,  he  regards 
as  either  Calciferous  or  Chazy. 

Whatever  doubt  may  exist  as  to  the  particular  periods  to 
which  the  snecies  collected  should  be  referred,  it  is  beyond 
doubt  that  all  are  Lower  Silurian  in  ag**.  Other  fossils  which 
are  decisively  Trenton  in  age,  T  have  reported  ns  occurring  in 
loose  masses  of  limestone  in  Canaan  on  the  farm  of  Mr.  E.  S. 
Hall,  not  a  mile  from  the  schist  of  the  Taoonic  range.f  The 
masses  consist  largely  of  the  minutely  columnar  coral,  Soleno- 
pora,  which  occurs  in  small  nodule-like  forms  and  makes  a 
limestone  that  looks  like  a  limestone  conglomerate.  Along 
with  this  coral,  occur  crinoidal  stems  and  other  small  fossils. 
The  rock  is  nearly  identical  in  species,  and  in  aspect,  with  the 
Solenopora  limestone  found  far  to  the  southwest  at  Pleasant 
Valley,  within  eight  miles  of  Poughkeepsie,  and  described  by 
Professor  Dwight.  The  loose  masses  are  not  worn,  and  this 
favors  the  view  that  they  are  from  some  underground  ledge  to 
the  northward  or  northwestward,  although  none  just  like  it 
occurs  there  in  sight.  Mr.  Dwight  in  searching  for  an  outcrop 
of  such  a  Solenopora  limestone  in  Canaan,  found  similar 
nodules  in  some  of  the  limestone,  but  they  failed  of  the 
columnar  structure,  and  he  is  of  the  opinion,  that  the  failure 
is  due  to  incipient  metamorphism ;  which  is  very  probably  the 
fact ;  for  the  first  trace  of  metamorphic  change  would  obliterate 
columns  only  l-500th  of  an  inch  in  diameter;  and  specimens 
thus  changed  he  has  found  to  be  common  near  Poughkeepsie. 
*  Ibid.,  p.  248.  t  This  Journal,  xxzi,  241,  1886. 
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Adding  the  discoveries  in  Oanaan  (Columbia  County,  New 
York),  on  the  western  side  of  the  Taconic  Range,  to  those  of 
Vermont  on  the  eastern  side,  and  in  Dutchess  County  to  the 
south,  the  facts  are  enough  to  demonstrate  the  Lower  Silu- 
rian age  of  the  Taconic  limestone,  the  eastern  and  western.  A 
Cambrian  limestone  is  in  places  included  in  the  formation,  and 
when  so  it  is  conformably  to  the  other  strata  except  where 
faults  occur.  Mr.  Wing  announced  the  limestone  of  Ver- 
mont to  be  a  combination  of  limestones  from  Potsdam  to  Tren- 
ton inclusive;  and  Prof.  Dwight  has  found  the  same  to  be  true 
near  Poughkeepsie. 

I  have  not  felt  at  liberty  to  adduce  as  additional  evidence  to 
that  from  the  Canaan  limestone,  the  discovery  of  Lower 
Silurian  fossils  in  the  "  Sparry  "  limestone  of  Hoosac,  thirty 
miles  north  of  Canaan,  which  Prof.  Hall  stated,  at  the  meeting 
of  the  American  Association  in  1886,*  that  he  made  more  than 
forty  years  since,  because  Prof.  Hall  has  never  mentioned  this 
discovery  in  any  of  his  published  writings,  and  has  not  yet 
announced  the  kinds  of  species  or  the  particular  locality.  Science 
cannot  rightly  use  the  facts  before  these  details  are  made  known. 
The  existence  of  fossils  in  the  Hoosac  limestone  is  not  at  all 
improbable. 

[To  be  continued.] 

The  Views  of  Prof.  Emmons  on  the  Taconic  System. 

The  announcement  has  been  very  recently  nmde  that  Prof  Em- 
mons admitted  that  the  age  of  the  western  (Sparry)  Taconic  lime- 
stone was  Lower  Silurian  in  his  second  report  on  the  Taconic 
System,  that  of  1844: — issued  first  in  a  quarto  pamphlet,  and  in 
1846  incorporated  with  his  Report  on  the  Agriculture  of  New 
York.  Since  my  writings  on  the  subject  will  need  some  correction 
in  case  this  is  a  right  mterpretation  of  his  report,  I  have  been 
again  over  his  statements,  and  give  here  the  result. 

The  announcement  appears  in  a  paper  by  Dr.  T.  Sterry  Hunt,  in 
the  February  number  (pp.  114-126)  of  the  American  ^Naturalist 
(issued  near  the  close  of  March).f  It  is  stated  that  Prof.  Emmons 
in  1842,  in  his  first  detailed  publication  on  the  Taoonic  system 
(Report  on  the  Geology  of  New  York,  1842),  pronounced  the 
Transition  or  Sparry  limestone,  like  the  rest  of  the  Taconic,  to  be 
older  than  the  lowest  member  of  the  New  York  Lower  Silurian 
(or  Cham  plain  Division),  but  that  in  1844,  1846,  "  be  made  one 
important  and  significant  change,"  '*  acauiescing  in  the  judgment  of 
Eaton  "  ['of  1832 ']  he  "  now  declared  tnat  the  upper  portion  of  the 
Taconic  system — namely,  the  great  belt  of  slates  with  limestones, 
sandstones  and  conj^lomerates — designated  by  him  in  1842  as  the 
Taconic  slate,  and  including  both  the  Transition  Greywacke  and 

*  This  Journal,  UI,  xxxi,  248.  1886. 

t  The  title  of  the  paper  is,  "The  Taconic  Question  Restated." 
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the  Sparry  lime-rock  of  Eaton,  was  the  stratigraphical  equivalent 
of  the  lower  part  of  the  Champlain  division,  and  in  fact  a  thick- 
ened and  modified  form  of  the  Calciferous  sandrook,  which  was 
now  said  to  be  in  its  eastern  extension '  protean  '  in  its  character 
and  to  include  a  great  variety  of  rocks.  Besides  this,  we  find 
also  in  the  same  paper,  the  idea  that  Professor  Emmons  "  came 
forward  in  1842  as  the  champion  o'f  the  views  of  Eaton,''  and  this 
idea  is  repeated  afterward  in  other  championing  words  in  which 
the  first  correct  announcement  of  the  age  of  the  Taconic  System 
is  traced  to  Eaton. 

Since  it  is  established,  by  the  facts  already  presented  in  this 
memoir,  that  Emmons's  Sparry  or  western  limestone,  and  his 
Stockbridge  limestone  (the  eastern)  are  one  in  mass,  any  argu- 
ment sustaining  the  Calciferous  age  of  the  Sparry  limestone  sus- 
tains the  same  for  the  Stockbridge  limestone.  But  that  Professor 
Emmons  suggested  the  Calciferous  as  the  age  of  either  of  these 
limestones,  or  of  the  ^'  Taconic  slate,"  in  his  memoir  of  1844  and 
1846,  or  was  a  "champion  of  the  views  of  Eaton,"  I  have  been 
able  to  find  no  proof. 

The  "  Champion  of  the  views  of  Eaton,"  Professor  Emmons, 
has  these  three  sentences  relating  to  Professor  Eaton  in  hid  Re- 
port on  the  Geology  of  New  York  (1842). 

On  page  19,  speaking  of  previous  geological  work  in  northern 
New  York,  he  says :  "  Previous  to  the  year  1837,  nothing  exact 
was  known  of  the  geology  of  the  northern  district.  Mr.  Eaton, 
who  was  the  oldest  laborer  in  geology  in  New  York,  had  not  ex- 
tended his  observations  far  into  this  field.  He  had,  however, 
represented  the  McCombe  Mountains  as  composed  of  ranges  of 
gneiss,  extending  from  the  valley  of  the  Mohawk  to  the  Provin- 
cial line,  and  the  intermediate  valleys,  of  limestone  extending 
alone  their  bases  and  around  their  northern  extremities ;  and  the 
whole  section  as  being  composed  of  two  principal  formations,  a 
Carboniferous  slate,  denominated  Primary,  and  a  calcareous  for- 
mation, denominated  Secondary.  It  is  sufficiently  evident  that 
all  this  was  imaginary ;  it  is  even  difficult  to  conceive  how  imagi- 
nation could  have  carried  even  a  partial  observer  so  far  from  the 
truth."* 

Two  lines  below,  on  the  same  page,  w6  have :  "  In  this  paper 
[by  Mr.  Finch]  there  is  a  brief  account  of  the  rocks  of  this  county 
[St.  Lawrence] ;  the  Potsdam  sandstone  was  spoken  of  as  a  Transi- 
tion rock,  and  the  Calciferous  sand-rock  of  Eaton  as  a  siliceous 
limestone." 

On  p.  280  :  **  The  mass  of  grit  is  the  greywacke  of  authors ; 
some  portions  are  brecciated,  or  belong  to  that  variety  denom- 
inated rubble  by  the  late  Professor  Eaton." 

♦  In  this  Journal.  HI,  xix,  270,  1880,  Dr.  Hunt  says  that  the  lithological  char- 
acters of  the  primary  gneissic  formation  of  northern  New  York  "  were  clearly  de- 
fined by  Eaton,  who  under  the  name  of  the  Macomb  Mountains,  described  what 
have  since  been  called  the  Adirondacks,"  etc. 

Am.  Jour.  Sci.-  Third  Series,  Vol.  XXXITI,  No.  197  —Mat,  1887. 
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These  are  all  the  sentences  in  the  volume  that  contain  the  name 
of  Eaton  or  relate  to  his  views. 

Professor  Emmons,  on  the  second  page  of  his  chapter  VII  on 
the  Taconic  System,  has  the  heading,  ^^Persons  loho  have  Con- 
tributed to  our  Knowledge  of  the  Taconic  rocks^^  and  under  it  the 
"  champion  of  the  views  of  Eaton,"  should  of  course  have  some- 
thing about  the  views  of  Eaton.  The  first  two  paragraphs  are  as 
follows : 

Page  136.  "By  reference  to  the  early  numbers  of  the  Journal 
of  Science,  it  will  be  seen  that  Profs.  Dewey  and  Hitchcock  early 
turned  their  attention  to  the  rocks  under  consideration.  The 
former,  distinguished  for  his  scientific  attainments,  gave  an  elabo- 
rate essay,  wherein  the  rocks  were  described  as  fully  as  was  possible 
in  the  infancy  of  geology  in  this  country  ;  in  fact,  so  far  as  mere 
description  is  concerned,  very  little  remains  to  be  added.  In  1829, 
the  history  of  Berkshire  was  published,  the  matter  of  which  was 
contributed  by  the  clergymen  of  the  several  parishes  in  the 
county.  In  this  work  an  abridgment  of  Professor  Dewey's  former 
essay  appeared,  so  that  a  general  account  of  these  rocks  has  been 
widely  circulated.  Prof.  Hitchcock  has  at  various  times  furnished 
many  important  facts  in  regard  to  the  geology  of  Berkshire,  but, 
as  appears  from  his  publications,  has  relied  mainly  upon  the  infor- 
mation derived  from  Professor  Dewey's  labors,  especially  in  his 
elaborate  and  excellent  work  on  the  rocks  of  Massachusetts.*  To 
these  gentlemen,  therefore,  we  are  pnncipally  indebted  for  the 
facts  which  have  been  placed  before  the  public." 

Page  125.  "The  limestones  of  Berkshire  have  been  fully  and 
ably  treated  of  by  Professors  Dewey  and  Hitchcock." 

Page  151.  Speaking  of  the  Sparry  limestone,  he  says:  "  This 
limestone  is  called  Transition  limestone  upon  the  geological  map 
contributed  by  Professor  Dewey  for  illustrating  the  geology  of 
Berkshire  county,  Massachusetts. "f 

In  this  mention  of  early  workers,  there  is  not  a  word  about 
Eaton  anywhere.  Dewey  made  his  investigations  eight  to  fifteen 
years  before  Professor  Eaton's  work  of  1832  was  published.  Eaton 
made  no  observations  on  the  Taconic  rocks,  and  honorably  gave 
credit  for  all  he  knew  (see  page  270  of  this  volume)  to  Prof.  Dewey. 
According  to  the  facts,  consequently,  "the  persistent  war  waged" 
against  "the  views  of  Amos  Eaton  "(p.  121  of  the  Naturalist) 
— till  now  an  unheard  of  war — was  begun  by  his  pupil,  Professor 
Emmons.  Eaton  was  a  man  of  great  energy  and  enthusiasm; 
but  his  was  the  beginning-time  in  American  geology ;  and  little 
credit  is  to  be  given  either  to  him  or  to  Dewey  for  their  adoption 
of  the  term  Transition  from  European  writers,  or  for  any  ideas 
on  the  age  of  the  rocks. 

Professor  Emmons  is  charged  (on  p.  120  of  the  paper  and  be- 

♦  These  remarks  with  reference  to  Professor  Hitchcock  relate  evidently  to  his 
earlier  report,  that  of  1836,  on  the  Geology  of  Massachusetts,  and  not  to  Ms  later 
quarto  report  of  1841. 

f  This  Journal,  vol.  riii,  1824.  Emmoos  dedicates  his  "  Amerioan  Qeology**  to 
Dr.  Dewey. 
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yond)  with  "contradictions"  and  "  perplexing  discrepancies"  in 
his  volume  of  1842;  and  in  a  note  at  the  hottora  of  the  page, 
"  pages  121, 124,  126,  280-282,  and  further,  p.  147,"  are  referred  to 
for  testimony  on  this  point.  Only  one  of  these  pages  is  in  the 
chapter  on  the  Taconic  system — the  "  and  further  p.  147."  I  tind 
no  "  contradictions  "  or  "  perplexing  disci'epancies  "  in  that  chap- 
ter, or  in  anything  relating  to  the  Taconic  system. 

Professor  Emmons  does  not  merit  the  condemnation  thus  made ; 
for  he  is  clear  and  consistent  throughout. 

As  to  the  change  of  opinion  asserted,  I  find,  as  I  had  done  be- 
fore, that  in  1842,  Professor  Emmons,  contrary  to  the  idea  con- 
veyed on  page  123  of  the  paper  in  the  Naturalist,  made  the  Sparry 
or  western  limestone  older  than  the  Stockbridge  limestone,  be- 
cause the  western  dipped  eastward  beneath  it;  he  commences  his 
paragraph  on  the  subject  of  relative  age  (Rep.  Geol.  N.  Y.,  "  and 
further,  p.  147,")  with  the  sentence  "  there  seems  to  be  no  valid 
reason  against  the  opinion  that  the  most  western  belt  of  lime- 
stone is,  after  all,  the  oldest  of  the  Taconic  limestones." 

In  1844,  1846,  speaking,  in  his  Memoir,  of  the  Taconic  rocks,  be 
says,  p.  63  of  the  Agricultural  Report  and  19  of  the  1844  pamph- 
let) :  "  I  shall  describe  the  rocks  in  the  descending  order^^  and 
this  is  the  order: 

First,  "The  Black  Slate"  (on  pp.  63-66),  described  as  af- 
fording at  Bald  Mountain,  Trilobites. 

Second:  "  The  Taconic  Slate  with  its  subordinate  beds  " 
(on  pp.  65-72) ;  of  which  he  says  :  "  Occupies  almost  the  whole 
of  Columbia,  Rensselaer  and  Washington  Counties "  (p.  72) ; 
**  extends  from  Lansingburgh  to  the  Sparry  limestone  in  the 
eastern  part  of  Hoosic  near  the  westeni  bounds  of  Bennington  in 
Vermont — at  least  20  miles  in  a  direct  line"  (p.  72);  "  It  crosses 
the  [Hudson]  river  near  Poughkeepsie,  ranging  southward  so  as 
to  underlie  the  belt  of  country  to  the  west  of  Newburgh  for  six 
or  eight  miles"  (p.  103).  In  these  and  other  statements  he  gives 
the  Taconic  slate  a  wide  range,  and  includes  under  it  slates  near 
Poughkeepsie  that  in  recent  years  have  afforded  Hudson  River 
brachiopods.     He  makes  it  older  than  the  Black  Slate. 

Thira:  The  **  Spaery  limestone  (on  pp.  72-74)  :  of  which  he 
says,  "  Occupies  the  belt  of  country  comprising  the  eastern  |)art 
of  Dutchess,  Columbia,  Rensselaer  and  Washington  counties  (p. 
73) ;  "  not  far  west  of  the  dividing  line  between  Massachusetts, 
Vermont  [on  the  east  side]  and  New  York  [on  the  west]"  (p.  74) ; 
**  through  Ancram,  Hillsdale,  Canaan,  New  Lebanon,  Berlin, 
Petersburgh,  Hoosic,  Whitecreek,"  etc.  (p.  74V  In  the  account 
of  this  limestone  I  find  nowhere,  any  more  tnan  in  that  of  the 
Taconic  slate,  the  slightest  intimation  of  a  change  in  his  opinion 
as  to  its  age.  All  the  rocks  of  the  Taconic  series  are  made  un- 
equivocally older  than  the  Potsdam  sandstone. 

As  above  indicated.  Professor  Emmons  did  make  one  change  in 
1844,  and  a  wise  one.  In  1842  be  argued  from  the  eastward  dip, 
as  I  have  shown,  that  the  Sparry  limestone  was  the  oldest  of  the 
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Taconic  limestones.  In  1844,  1846,  he  dropped  the  argument  and 
the  conclusion,  and  showed,  by  sections,  how  through  flexures 
the  order  of  original  superposition  might  be  reversed.  This 
change  left  the  Sparry  limestone  and  Taconic  slate  older,  as  be- 
fore, than  the  Potsdam.  Further,  he  added  the  Black  slate  of 
Washington  Co.,  N.  Yl,  with  its  trilobites,  and  made  this  the 
upper  or  newer  member  of  the  series,  on  account  of  the  fossils, 
with  the  other  members  following  in  the  descending  order  above 
given, — the  quartzyte  at  the  bottom. 

Professor  Emmons  was  right  in  his  Berkshire  stratigraphical 
observations.  He  drew  chronological  conclusions  on  data  that 
we  now  know  to  be  too  uncertain  for  any  safe  inference,  and  on 
lithological  data  extended  his  system  beyond  its  true  limits ;  bat 
in  those  decisions  at  that  early  time  there  is  nothing  to  his  dis- 
credit, while  his  investigations  are  greatly  to  his  honor. 

It  is  a  fact  of  historical  importance  in  the  Taconic  controversy, 
that  the  writings,  on  the  subject,  by  Professor  Mather,  the  Pro- 
fessors Rogers,  Dr.  D.  D.  Owen  and  Professor  E.  Hitchcock,  the 
early  questioners  or  opponents  of  the  Taconic  system,  do  not  con- 
tain a  discourteous  word.  Their  criticisms  are  such  as  give  life 
and  progress  to  the  science.  Professor  James  Hall,  whatever 
opinions  he  may  l^ave  had  or  may  have  orally  expressed,  has 
nowhere  in  his  notes  on  the  fossils  of  the  Taconic  slate  (Black 
slate),  an  offensive  remark;  and  these  are  all  of  his  writings  on 
the  subject.  Logan,  after  the  Quebec  discoveries  of  the  Canada 
survey,  put  a  few  lines  in  his  Canada  Report — a  very  few,  in  all 
not  over  twenty ;  he  did  it  courteously  and  not  even  controversi- 
ally. He  afterward  made  examinations  in  Vermont,  Massachu- 
setts and  New  York  which  gave  him  confirmatory  conclusions, 
but  personally  he  wrote  nothing  on  these  conclusio«s. 

The  writer's  acquaintance  with  the  subject  began  in  1843,  after 
an  absence  abroad  of  four  years ;  and  for  many  years  afterward 
he  was  learning,  but  published  nothing.  After  the  discoveries  of 
fossils  in  Canada,  and  the  announcements  of  the  Canada  Geo- 
logical Survey,  I  adopted  Logan's  opinion ;  and  this  is  presented 
in  ray  Manual  of  Geology,  published  first  in  1863.  It  appeared 
at  the  time  to  be  the  generally  accepted  opinion.  My  investiga- 
tions in  Berkshire  were  commenced  in  July  of  1871,  in  order  to 
fet  at  the  truth,  without  any  feeling  of  opposition  to  Professor 
Immons. 

Dr.  T.  Sterry  Hunt  was  one  of  the  strong  and  active  opponents 
of  the  Taconic  system  between  the  years  1849  and  1875.  The 
Report  of  the  American  Association  for  1860  has  his  decision 
that  "  The  results  of  the  [Canada]  survey  have  shown,  as  I  had 
the  honor  to  state  at  the  last  annual  meeting  at  Cambridge  [in 
1849],  that  the  Green  Mountain  rocks  are  nothing  else  than  the 
rocks  of  the  Hudson  River  Group  with  the  Shawangunk  con- 
glomerates, in  a  metamorphic  condition ;"  and  in  his  address 
before  the  same  Association  for  1871,  he  stated,  as  he  had  done 
many  times  in  the  interval,  that  the  conclusion  of  Rogers  and 
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Mather,  referring  the  Taconic  System  to  the  '*  Cham  plain  Di- 
vision "  of  the  New  York  rocks  had  heen  sustained  by  subse- 
Juent  observations.  Further,  his  "Chemical  and  Geological 
Issays^'  published  in  1875  (see  Title-page)  contains  the  Associa- 
tion address  of  1871,  and  the  same  remarks  on  the  Taconic. 
Here  are  twenty-fioe  years  of  opposition  to  Professor  Emmons,  in 
a  number  ol  papers,  and  never  once  a  hint  that  Emmons  agreed 
with  him  in  the  Calciferous  age  of  either  of  the  rocks.  The 
account  of  the  investigations  of  Logan  and  Hall  in  Dutchess 
County,  New  York  and  elsewhere,  bearing  against  the  Taconic 
system,  as  published  in  this  Journal  for  1865,  has  attached  to 
it  Dr.  Hunt's  name  as  he  was  the  writer.  Dr.  Hunt's  opinions 
were  not  always  couched  in  courteous  language.  In  1861,  he 
makes  the  Taconic,  exclusive  of  the  slates,  equivalent  of  the  Cal- 
ciferous, adding:  "It  remains  to  be  seen  whether  Dr.  Emmons 
can  retain,  from  the  wreck  of  his  system,  the  lower  slates  as  a 
Taconic  formation  older  than  the  rotsdam."  This  sounds  like 
*'  persecution ; "  and  the  series  of  papers  like  '*  persistent  war 
waged  against  Ebenezer  Emmons."  Now,  the  Restatement  indi- 
cates for  its  author  a  return  to  the  idea  of  the  Calciferous  age  of 
some  of  the  Taconic  rocks.* 

*  The  continuation  of  the  "Taconic  Question  Restated,"  to  be  found  in  the 
March  number  of  the  Naturalist  (pp.  238-250),  has  been  published  since  the 
above  was  put  in  type  —the  number  having  been  received  at  New  Haven  April 
13th.  It  calls  for  no  further  remarks.  But  as  it  will  aid  in  cleariug  away  doubts, 
and  give  a  fuller  view  as  to  what  have  been,  as  the  author  expresses  it  (p.  248), 
**'  my  own  teachings."  I  cite  a  few  more  sentences  from  his  papers  during  the  26- 
year  period  of  opposUion,  and  others  from  two  of  those  of  the  subsequent' pe- 
riod of  agreement.  « 

Beview  of  the  Progress  of  American  Geology,  in  this  Journal,  II,  xxii,  402,  1861. 
"The  Quebec  group  with  its  underlying  shales  is  no  other  than  the  Taconic 
system  of  Emmons. 

^'Review  of  Mr.  Ba/rrande^  On  the  Prirnoridial  Zone  in  North  America,^^  in  the 
Canadian  Naturalist,  1861,  and  this  Journal,  II,  xxxii,  427,  1861.  "Dr.  Em- 
mons claims  that  the  whole  of  his  Taconic  system  is  inferior  to  the  Potsdam 
sandstone,  which  is  the  admitted  base  of  the  Champlain  division,  but  we  have 
already  shown  that  the  whole  of  his  system,  with  the  probable  exception  of  these 
slates  [the  black  slates]  is  of  the  age  of  the  Calciferous  sandrock,  the  second 
member  of  that  division."  "  The  fossils  of  the  Quebec  group  show  it  to  be  the 
paleontological  equivalent  of  the  Calciferous  sandrock.  The  Stockbridge  and 
Sparry  limestones  with  their  accompanying  slates  (excepting  only  7  and  8 
[the  Taconic  slate  and  black  slate]),  we  conceive  to  be  no  other  than  the  Quebec 
group." 

Address  to  the  American  Association^  August,  1871.  Salem,  1871. — p.  15,  "The 
Taconic  system,  as  defined  by  him  [Emmons]  may  be  briefly  described  as  a  series 
of  uncrystalline  fossiliferous  sediments  reposing  unconformably  on  the  crystallime 
schists  of  the  Green  Mountains,  and  partly  made  up  of  their  ruins;  while  it  is,  at 
the  same  time  overlaid  unconformably  by  6ie  Potsdam  and  Calciferous  formations 
of  the  Champlain  division,  and  constitutes  the  true  base  of  the  paleozoic -column, 
— ^thus  occupying  the  position  of  the  British  Cambrian."  Hence  in  1871  the 
author  had  not  made  the  discovery  that  Professor  Kmmons  referred  any  part 
of  his  Taconic  system  to  the  Calciferous. 

History  of  the  Names  Cambrian  and  Silurian  in  Oeology;  published  in  the 
Canadian  Naturalist,  for  April  and  July,  1872. — p.  36,  "  Kmmons,  misled  by  strati- 
graphical  and  lithological  considerations,  complicated  the  question  in  a  singular 
manner,  which  scarcely  finds  a  parallel  except  in  the  history  of  Murchison's  Silu- 
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In  view  of  these  twenty-five  years  of  opposition,  and  of  present 
indications,  it  is  of  interest  to  read  again  (if  already  once  read) 
the  pathetic  remark  on  page  122  of  the  paper  in  the  Naturalist. 

"  There  is  a  painful  resemblance  in  many  respects  between  the 
story  of  Emmons  and  of  his  opponents  and  that  of  the  warfare 
waged  against  Sedgwick  by  Murchison  and  his  allies  in  the  fam- 
ous Cambrian  and  Silurian  controversy,  as  set  forth  by  the  present 
writer  in  1874  in  his  Chemical  and  Geological  Essays  (pp.  364, 
366):"  the  same  volume  that  contains  Dr.  Hunt's  Association 
Address. 

A  note  to  *'  opponents  "  in, this  sentence  states  a  further  incident 
in  the  "persecution"  from  a  letter  by  Professor  Emmons,  in 
which  Professor  Emmons  says,  that  "  the  editor  of  the  American 
Journal  of  Science  refused  to  publish  my  remarks  upon  Logan's 
Report  when  he  [Logan]  announced  his  Huronian  Syst«m, 
though  their  tenor  was  courteous  in  the  extreme;  I  claimed  that 
the  Huronian  was  only  the  Taconic  System."  The  refusal  was  on 
the  ground  that  the  "  remarks  "^  contained  no  facts  sustaining  the 
opinion,  and  that  opinions  on  such  a  point  without  facts  were  of 
no  value  to  the  science.  The  Huronian  region  and  the  Taconic 
were  remote  from  one  another,  and  Logan's  discoveries  of  fossils 
in  Canada  seemed  to  be  too  decisive  to  be  so  set  aside. 

But  this  instance  of  "  persecution  "  occurred  far  back  in  that 

rian  sections.  Completely  invertiDg,  as  I  have  elsewhere  shown,  the  order  of 
succession  in  his  Taconic  s)'8iem,  estimated  by  him  at  30,000  feet,  he  placed  near 
the  base  of  the  lower  division  of  the  system,  the  Stockbridge  or  Eolisn  limestone, 
including  the  while  marbles  of  Vermont,  which  by  their  organic  remains  have 
since  been  by  Billings  found  to  belong  to  the  Levis  formation  [Quebec  group]. 

Thd  following  are  those  on  the  other  side. 

On  (he  Azoic  Bocks  of  Southeastern  Pennsylvania,  Report  B.  of  Geol.  Survey 
1878,  pp.  206.  207.  "  We  have  given  reasons  for  regarding  the  Lower  Taconic, 
or  the  Primal  and  Auroral  strata  of  the  great  Appalachian  Valley  as  the  equiva- 
lents of  the  similar  series  in  southern  N.  firimswick  aod  of  the  Hasting^  seriea 
in  Ontario  with  its  Scolithus  and  Eozoon.  While  it  has  been  shown,  in  a  preced- 
ing chapter,  that  the  Upper  Taconic  includes  the  organic  remains  of  the  European 
Cambrian  at  least  as  low  as  the  Menevian,  it  is  by.  no  means  certain  whether 
the  Lower  Taconic  series  is  to  be  regarded  as  the  equivalent  of  the  still  lower 
beds  of  the  Cambrian  of  Great  Britain  and  Sweden.  In  this  uncertainty  it  is 
deemed  well  to  preserve  for  this  series  the  original  name  of  Taconic." 

"  The  Taconic  Question.'^  84  pp.  4to,  published  in  the  volumes  of  the  Transac- 
tions of  the  Royal  Society  of  Canada  for  1883  and  1884.  In  the  ''conclusions'* 
the  author  says  (pp.  149,  150):  "There  exists  in  eastern  North  America  a  great 
group  of  stratified  rocks,  consisting  of  quartzjte?,  limestones,  argillites  and  soft 
crystalline  schists,  which  have  altogether  a  thickness  of  4000  feet  or  more,  and 
are  found  resting  unconformably  upon  various  more  ancient  crystalline  rocks 
from  the  Laurentian  to  the  Montalban  inclusive.  This  series  called  Transition  by 
Maclure  ....  is  the  Lower  Taconic  of  Emmons."  This  series  which  I  have  pre- 
ferred to  call  Taconian  is  essentially  one  of  Transition  crystalline  rocks," — p.  151, 
*'  The  Taconian.  as  I  have  suggested,  may  constitute  a  link  between  the  older 
Eozoic  groups  and  those  of  Paleozoic  time." — p.  151,  "the  Upper  Taconic  group, 
the  First  Graywacke  of  Katon,  the  Potsdam  and  Quebec  groups  of  Logan  (whidi 
include  a  large  part  of  what  was  described  by  Mather  and  by  Logan  as  Hudson 
River  group)  we  have  seen  to  be  the  Appalachian  representative  of  the  Cambrian 
group." 

If  any  one  doubts  whether  the  author  of  the  preceding  extracts  and  of  the  arti- 
cle in  the  Naturalist  is  one  and  the  same  person  he  must  investigate  for  himself. 
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interval  of  twenty-five  years  during  which  Dr.  Hunt  was  one  of 
the  persecutors  if  there  were  any  such — an  interval,  moreover, 
which  was  continued,  without  any  abatement  in  the  opposition  on 
Dr.  Hunt's  part,  for  twelve  years  after  Professor  Emmons's 
decease. 

I  think  I  have  stated  facts  enough  to  end  the  Taconic  contro- 
versy. The  work  which  Professor  Emmons  did  in  the  strati- 
fraphical  geology  of  the  Taconic  region  and  his  discoveries  in 
'aleontology  will  in  the  main  stand ;  while  no  effort  can  keep 
life  in  wrong  conclusions,  whatever  the  source. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  generation  of  Chlorine  gas  in  Kipp*s  apparatus, — 
The  use  of  bromine  in  the  laboratory  would  appear  to  be  due  in 
many  cases  to  the  inconveniences  attending  the  ready  preparation 
of  the  more  active  chlorine.  Winkler  has  sought  to  render  the 
preparation  of  chlorine  easier  by  suitably  modifying  the  ordinary 
process  of  obtaining  this  gas  from  chloride  of  lime  and  hydro- 
chloric acid.  For  this  purpose  the  chloride  of  lime  is  mixed  with 
about  a  fourth  of  its  weight  of  calcined  gypsum,  and  then  so 
moistened  with  cold  water  as  to  form  a  crumbly  semi-coherent 
mass.  It  is  stirred  in  a  mortar  until  entirely  homogeneous  and 
then  is  beaten  with  an  iron  mallet  into  a  square  iron  frame  ten  or 
twelve  millimeters  thick,  resting  on  an  iron  plate.  When  full  the 
sides  are  covered  with  wax-cloth  and  the  whole  is  submitted  to 
the  action  of  a  strong  press.  The  square  cake  thus  obtained  is  then 
cut  into  smaller  squares  and  dried  at  a  temperature  not  exceeding 
20**.  The  cubes  thus  obtained  should  be  preserved  in  a  well- 
closed  vessel.  When  used  they  are  placed  in  a  well-made  Kipp's 
gas-evolution  apparatus,  with  hydrochloric  acid  of  1-124  specitic 
gravity  previously  diluted  with  an  equal  volume  of  water.  The 
preparation  of  chlorine  in  this  way  is  as  convenient  and  its  evolu- 
tion as  constant  as  that  of  carbon  dioxide  by  the  use  of  marble. 
The  author  announces  that  Trommsdorff  has  agreed  to  keep  these 
cubes  already  made,  on  hand  for  sale. — Ber,  Berl,  Cheni,  Ges,, 
XX,  184-5,  Feb.  1887.  G.  F.  b. 

2.  On  the  action  df  Kaolin  on  the  alkali-chlorides. — In  study- 
ing the  action  of  kaolin  on  the  halogen  compounds  of  the  alka- 
lies, GoRGEir  has  shown  that  when  this  substance  is  calcined 
with  these  compounds,  double  neutral  silicates  are  formed,  which 
themselves  in  some  cases  form  direct  combinations  with  the  halo- 

fen   salts.     The   sodium-aluminum   silicate   thus   formed    unites 
irectly  with  solium  iodide  to  form  a  well  crystallized  Qompound. 
When  the  kaolin  is  calcined  with  sodium  or  potassium  chloride, 
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hydrogen  chloride  gas  is  disengaged  in  abundance  at  a  red  heat; 
and  if  the  action  be  continued  in  presence  of  water  vapor,  a  con- 
siderable proportion  of  the  chloride  will  be  decomposed,  depend- 
ing on  the  amount  of  alumina  in  the  kaolin.  Bromides  under 
these  conditions  evolve  hydrogen  bromide ;  but  iodides  evolve 
iodine,  the  hydrogen  iodide  being  broken  up  by  the  heat.  If  the 
kaolin  is  anhydrous  and  the  calcination  is  effected  in  a  current  of 
dry  air,  chlorine,  bromine  and  iodine  are  evolved,  but  the  action 
is  much  slower.  By  using  kaolins  free  from  carbonates,  by  mix- 
ing them  thoroughly  with  the  quantity  of  salt  that  they  can  com- 
pletely decompose  and  by  carrying  the  mixture  in  half  an  hour  to 
a  cherry-red  and  maintaining  it  there  for  three-quarters  of  an 
hour  in  a  current  of  steam,  97  per  cent  of  the  chloride  may  be 
decomposed,  yielding  hydrogen  chloride.  With  absolutely  dry 
materials,  heated  in  dry  air  to  a  bright  cherry-red,  about  one-half 
of  the  chlorine  contained  in  the  salts  is  obtained  free. — Ann, 
Chim,  Phys,,  VI,  x,  146-170,  Feb.  1887.  G.  f.  b. 

3.  On  the  Distribution  in  the  Soil  of  the  nitrifying  organisms, 
— In  a  paper  published  some  years  ago,  Warington  gave  an  ac- 
count of  the  expei-iments  which  he  made  at  Rothamsted  to  ascer- 
tain to  what  depth  the  presence  of  the  niti-ifying  organisms  could 
be  detected  in  the  soil.  From  three  series  of  experiments  em- 
bracing 28  trials  he  concluded  that  "in  our  clay  soils  the  nitrify- 
ing organism  is  not  uniformly  distributed  much  below  9  inches 
from  the  surface."  Subsequently,  further  experiments  in  this  di- 
rection were  made,  essentially  similar  to  the  others  except  that 
rather  more  soil  was  placed  in  the  solution  to  be  nitrified  and  to 
this  solution  a  decigram  of  gypsum  was  added  to  each  liter.  The 
results  were  now  in  many  respects  entirely  different.  Not  only 
was  the  process  of  nitrification  more  speedy  but  soil  from  very 
considerable  depths  was  found  capable  of  starting  it.  Soil  from 
a  fallow  plot  had  this  property  uniformly  to  a  depth  of  2  feet  and 
in  some  cases  to  3  and  even  4  feet.  Soil  from  a  white  clover  plot 
was  all  effective  down  to  3  feet,  and  one  sample  at  4  feet  and  one 
at  6  feet  were  found  to  be  so.  The  lucerne  plot  produced  nitrifi- 
cation with  all  samples  down  to  4  feet  and  one  sample  at  6  feet 
was  active.  A  third  series  of  experiments  was  made  a  year  later, 
to  see  if  these  results  could  be  due  to  the  contamination  of  the 
solutions  in  the  field  by  soil-dust  iroro  the  surface.  But  the  re- 
sults con6rmed  those  already  obtained.  No  failure  to  produce 
nitrification  was  observed  in  samples  of  soil  down  to  and  includ- 
ing a  depth  of  two  feet  from  the  surface.  At  3  feet  only  one 
sample  out  of  eleven  failed.  At  6  feet  one-half  the  trials  failed ; 
and  at  7  and  8  feet  all  failed.  The  failure  in  the  earlier  experi- 
ments was  due  the  author  thinks  to  the  absence  of  gypsum  from 
the  test  solutions.  The  final  conclusion,  therefore,  is  that  the 
nitrifying  organisms  are  practically  confined  to  the  surface  soil ; 
for  although  they  may  occur  at  considerable  depths  in  a  loam  or 
clay  subftoil,  they  occur  there  in  small  quantity  and  in  feeble 
condition. — J,  Chem.  Soc.^  li,  118,  Feb.  1887.  G.  f.  a 
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4.  On  the  Absorption  of  Oases  by  Carbon, — Though  experi- 
ments have  been  frequently  made  to  determine  the  volume  of 
various  gases  which  a  unit  volume  of  charcoal  absorbs,  there 
seem  to  have  been  very  few  attempts  to  determine  the  compo- 
sition of  the  gas  subsequently  given  up  by  the  charcoal  on  heat- 
ing. Bakbr  has  undertaken  some  experiments  to  ascertain  the 
nature  of  the  gas  thus  given  up  by  charcoal  when  it  has  absorbed 
oxygen.  The  charcoal  examined  was  that  from  boxwood  and 
animal  charcoal ;  but  as  the  latter,  especially  after  purification, 
absorbed  a  far  larger  volume  of  gas  it  was  used  by  preference. 
Duplicate  experiments  were  also  made;  the  oxygen  being  dried 
in  one  series  and  saturated  with  moisture  in  the  other.  The  car- 
bon was  contained  in  a  cylindrical  bulb  one-quarter  to  one-third 
of  an  inch  in  internal  diameter,  drawn  out  to  the  size  of  a  quill 
at  one  end.  Bv  means  of  a  Sprengel  pump  the  whole  was  ex- 
hausted, the  bulb  being  heated  to  a  high  temperature.  After 
cooling,  it  was  attached  to  a  gas  pipette,  oxygen  was  allowed  to 
enter  and  to  remain  at  the  normal  pressure  until  the  absorption 
was  complete,  the  bulb  meanwhile  being  immersed  in  water  or  in 
a  freezing  mixture,  at  pleasure.  The  bulb  was  then  exhausted. 
On  heating  it  now  to  100°  and  exhaustion,  the  gas  obtained  from 
it  could  be  examined.  The  author  finds:  Ist,  that  moist  oxygen 
absorbed  at  — 15**  by  carbon,  is  not  evolved  free  or  combined  at 
12°;  2d,  that  (a)  the  water-vapor  and  oxygen  thus  absorbed, 
when  kept  for  a  week  at  100°,  produce  carbon  dioxide,  the  char- 
coal giving  up  7  times  its  volume,  {ft)  water  vapor  and  carbon 
kept  at  100°  for  a  week  produce  no  carbon  dioxide,  and  {y)  car- 
bon and  dry  oxygen  at  100°  for  a  week  produce  no  carbon  mon- 
oxide ;  8d,  that  («)  a  tempei'ature  of  460°  is  required  to  remove 
the  dry  oxygen  retained  by  carbon,  carbon  monoxide  being  the 
chief  product,  (fi)  the  more  free  from  moisture  the  substances  the 
less  the  oxidation,  and  hence  {y)  carbon  is  burned  directly  to 
monoxide  by  the  absorbed  and  firmly  retained  oxygen. — J,  Ch. 
Soc,  li,  249,  March  1887.  G.  F.  b. 

5.  On  the  Valence  of  Bismuth, — The  fact  is  well  kno^n  that 
the  organic  compounds  of  the  nitrogen  group  show  in  their  triva- 
lent  combinations  a  greater  intensity  in  the  free  bonds  than  the 
inorganic  compounds.  Thus  while  arsenous  chloride  AsCl,  will 
not  unite  with  more  chlorine,  methyl-arsenous  chloride  CH,AsCl, 
forms  a  tetrachloride.  Michaelis  has  sought  to  determine  in 
this  way  the  quinquivalence  of  bismuth.  By  adding  bromine  to 
a  solution  of  bismuth-methyl  in  well-cooled  petroleum-naphtha, 
no  addition  product  was  obtained.  Nor  was  he  able  to  add 
ethyl  iodide  to  bismuth-methyl.  But  bismuth-phenyl  thus 
treated  gave  at  once  triphenyl-bismuth  dibromide  (C,HJ,BiBr, 
and  chloride  (C^HJ,BiCl,,  as  permanent  and  well  defined  com- 
pounds. In  these  bodies  we  have  for  the  first  time  compounds  in 
which  five  univalent  atoms  or  atomic  groups  are  united  to  a  sin- 
gle atom  of  bismuth;  and  hence  they  establish  the  quinquiva- 
lence of  bismuth  as  certainly  as  they  did  that  of  antimony. — Ber. 
Berl.  Chem.  Oes.^  xx,  62,  Jan.,  1887.  o.  f.  b. 
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6.  On  the  Action  of  Phosphoric  chloride  on  Ethyl  acetondicar- 
bonate — In  the  hope  of  elucidating  the  constitution  of  certain 
unsaturated  acids  of  the  fatty  sei-ies,  Burton  and  von  Pechmann 
have  examined  the  product  of  the  action  of  phosphoric  chlofride 
upon  ethyl  acetondicarbonate,  as  well  as  the  two  other  bodies, 
acid  in  character,  which  are  produced  from  this  by  the  loss  of 
hydrogen  chloride.  The  first  product  of  the  above  reaction  is 
probably  C0,C,H,.CH,.CC1,.CH,.C0  C,H,;  and  this  loses  HCl 
spontaneously  and  becomes C0,H.CH.CC1.CH,.C0,H,  which  be- 
cause of  its  formation  and  analogies  the  authors  call  )6f-chlorglut- 
aconic  acid.  By  the  further  loss  of  HCl,  a  new  dibasic  acid  is 
formed  having  the  formula  C^H^O^  to  which  they  give  the  name 
elutinic  acid,  and  for  which  the  constitutional  formula  CO,H. 
CEO.CHj.COjH  appears  most  probable.  The  former  acid  is 
obtained  in  white  crystals  fusing  at  129°  and  easily  soluble  in 
water.  The  latter  acid  crystallizes  in  white  needles  and  fuses 
with  decomposition  at  145°-146°.  It  is  easily  soluble  in  water, 
alcohol  and  ether,  insoluble  in  chloroform  and  in  benzene. — Ber. 
JBerl.  Chem.  Ges.,  xx,  145,  February,  1887.  g.  f.  b. 

7.  On  the  behavior  of  Iron  and  Sted  under  the  operatioti  of 
feeble  magnetic  forces. — Lord  Rayleigh  discusses  in  this  paper 
the  question  whether  iron  responds  proportionally  to  feeble  mag- 
netic forces.  This  question  is  of  practical  interest  in  the  working 
of  telephonic  instruments.  The  experiments  of  Ewing  apparently 
prove  that  the  hypothesis  of  Maxwell  that  when  the  molecular 
magnets  of  Weber  are  rotated  they  undergo  first  an  elastic  and 
then  a  partially  non-elastic  deflection,  does  not  represent  the 
actual  phenomenon.  They  suffer  instead  a  ^'  kind  of  friction al 
retardation  which  must  be  overcome  by  the  magnetizing  force 
before  deflection  begins  at  all."  The  experiments  of  Rayleigh 
prove  "  that  in  any  condition  of  force  and  magnetization,  the  sus- 
ceptibility to  small  periodic  changes  of  force  is  a  definite  and  not 
very  small  quantity,  independent  of  the  magnitude  of  the  small 
change.  That  the  value  of  the  susceptibility  to  small  changes  of 
force,  is  approximately  independent  of  the  initial  condition  as 
regards  force  and  magnetization,  until  the  region  of  saturation  is 
approached." 

In  the  course  of  his  investigation  the  author  experimented  upon 
the  construction  of  a  sensitive  galvanometer  with  a  field  strength- 
ened by  iron.  The  system  of  needles  was  astatic.  The  electro- 
magnet was  of  horseshoe  form,  with  a  core  of  hard  Swedish  iron 
wire  3 '3™™  in  diameter.  The  electro-magnet  was  held  so  as  to 
embrace  the  upper  needle  system.  The  experiments  showed  that 
a  galvanometer  of  high  sensitiveness  could  be  thus  constructed. 
The  tendency  to  residual  magnetism  would,  however^  be  trouble- 
&ome.— Phil.  Mag.,  March,  1887,  pp.  225-245.  j.  t. 

8.  Movements  of  the  Wings  of  Birds,  represented  according  to 
three  dimensional  space. — M.  Marey,  in  a  very  interesting  article 
illustrated  by  figures,  represents  the  results  obtained  by  instanta- 
neous photographs  of  the  flight  of  birds  taken  successively  as  if 
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the  bird  were  projected  od  three  planes.  It  is  hoped  tAiat  this 
new  method  of  study  of  the  flight  of  birds  will  add  largely  to 
our  knowledge  of  the  kinematics  of  flying." —  Comptes  jRenduSy 
No.  6,  Feb.  7,  1887,  p.  323.  •  j.  T. 

9.  Upon  the  Magnetic  effect  of  .Earthquakes. — At  various  mag- 
.  netic  observatories  on  the  continent  of  Europe,  slight  disturb- 
ances were  registered  which  apparently  were  connected  in  time 
with  the  late  earthquakes.  M.  Mascart  believes  that  a  more  care- 
ful examination  of  the  records  of  different  observations  will  show 
the  connection  which  may  exist  between  the  two  disturbances. — 
Comptes  Rendus^  No.  10,  March  7,  1887,  p.  634.  j.  t. 

10.  Heat  of  the  Sun, — Fk6lich  communicates  the  second  por- 
tion of  his  voluminous  paper  on  the  measure  of  the  sun's  heat.* 
Id  the  course  of  the  paper  ne  examines  Langley's  hypothesis  that 
the  absorption  of  heat  is  proportional  to  pressure  of  air,  and  does 
not  find  a  suitable  agreement  between  his  own  observations  and 
records  of  the  barometer.  He  concludes,  therefore,  that  the  hy- 
pothesis is  not  true.  The  observations  show  that  the  heat  of  the 
sun  is  subject  to  impcTi^tant  changes.  The  question  whether  an 
increase  of  the  sun's  heat  follows  a  lessening  of  the  sun's  spots 
cannot  be  decided  without  a  more  careful  study. — Annalen  der 
Physik  und  Chemie,  No.  4,  1887,  pp.  582-620.  .J.  t. 

II.    Geology  and  Natural  History. 

1.  Bulletin  of  the  American  Museum^  of  Natural  History y 
New  York. — No.  8,  of  vol.  i,  issued  Dec.  28,  contains  a  notice  of 
investigations  on  Lower  Silurian  geology  along  the  eastern  shore 
of  Lake  Champlain,  by  Professor  M.  Seely  and  Pres.  E.  Brainerd 
of  Middlebury,  Vt.,  with  a  description  of  new  fossils  by  R.  P. 
Whitfield ;  and,  by  the  same,  a  notice  of  a  new  fossil,  probably  a 
sponge  related  to  Dictyophyton,  from  the  slates  at  Kenwood, 
near  Albany,  N.  Y. 

2.  Brief  notices  of  some  recently  described  Minerals.  Caraoo- 
LiTE. — This  mineral  was  investigated  by  the  late  Professor 
Websky  of  Berlin,  but  was  not  announced  until  November,  1886, 
shortly  after  his  sudden  death.  Its  characters  are  as  follows : 
Orthorhombic  with  pseudohexagonal  symmetry  due  to  twinning. 
The  crystals  appear  as  obtuse  double  hexagonal  pyramids  with 
prism,  resembling  witherite,  to  which  it  is  also  related  in  its  axial 

relations,  viz :  d  :  5:c=0'5843: 1 :  0'4213.  The  colorless  crystals 
of  caracolite  are  associated  with  minute  bright  blue  cubes  of  the 
rare  species  percylite,  and  the  material  analyzed  consisted  of  a 
mixture  of  the  two  species  in  about  the  ratio  of  6:1.  The  com- 
position deduced  for  pure  caracolite  is  expressed  by  the  formula 
PbHClO  +  Na,SO,,  requiring :  Pb  61-66,  Na  1 1  -46,  S  7-97,  CI  8-84, 
H  d*26,  O  19*92=100.  The  mineral  is  named  frota  the  locality 
Caracoles,  Chili.— ^m  Ak.  Berlin^  p.  1045,  Nov.,  1886. 

Kaliophilite.  In  an  extended  article  upnon  the  ejected  masses 
from  Monte  Somma,  Mierisch  describes  a  mineral  allied  to  nephe- 
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lite  calling  it  kaliophilite,  the  name  having  reference  to  its  high 
percentage  of  potash.  It  occurs  in  colorless  prismatic  or  acicubr 
crystals,  which  do  not,  however,  show  sufficient  distinctness  of 
form  to  allow  of  the  system  being  determined  to  which  they 
belong.  Thev  show  basal  cleavage,  are  optically  uniaxial  with 
negative  double  refraction;  the  specific  gravity  is  2*602.  An 
analysis  afforded  : 


SiO, 

A1,0, 

CaO 

K,0 

Na,0 

3T-46 

32-43 

2-18 

27-20 

2-26=101-62 

This  corresponds  to  the  formula,  K,Al,Si,0,  which  is  that  of  an 
anhydrous  muscovite,  and  is  analogous  to  that  of  anorthite,  nephe- 
lite  and  eucryptite  in  which  calcium,  sodium  and  lithium,  respec- 
tively, enter  in  the  place  of  the  potassiuni  here  present. — Min.petr, 
Mitth,^  viii,  160. 
Habstigite.    Described  by  G.  Flink  of  Stockholm.    It  occurs 

in  prismatic  orthorhombic crystals  with  an  axial  ratio  of  d:  6:  c= 
0*7141: 1:  1-01496.  No  cleavage  was  observed;  fracture  small 
conchoidal  to  splintery ;  hardness  6*6 ;  specific  gravity  3-049 ; 
colorless  with  vitreous  luster.     An  analysis  on  0*3  gram  yielded : 


SiO, 

A1,0, 

MnO 

CaO 

MgO 

K,0 

Na.O 

H,0 

38-94 

10-61 

12-81 

29-23 

.  3-27 

0-35 

0-n 

3-97=99-89 

This  does  not  lead  to  a  satisfactory  formula,  and  the  composition 
must  remain  somewhat  doubtful  until  more  material  is  oDtained 
for  investigation.  Obtained  at. the  Harstig  mine  at  Pajsberg, 
Sweden. — Bihang  Svensk.  VeL-Akad.  Handily  xii,  1886. 

ScHUNGFTE.  A  name  given  by  A.  von  InostranzeflF  to  a  form 
of  amorphous  carbon  occurring  in  the  crystalline  schists  of 
Scbnnga  in  the  Olenetz  government,  Russia.  A  similar  form  of 
carbon  from  the  Saxon  Erzgebirge  was  called  graphitoid  by  Sauer. 
— Jahrh,  Min.y  1886,  i,  92. 

3.  Materialien  zur  MinercUogie  JRusslands;  von  N.  von  Koks- 
CHABOW.  Vol  ix,  pp.  273-365.  St.  Petersburg,  1886. — ^This  part 
forms  the  closing  portion  of  the  ninth  volume  of  the  great  work 
on  Russian  Mineralogy  by  von  Kokscharow.  It  contains  a  sup- 
plementary notice  of  the  interesting  variety  of  xanthophyllite 
called  waluewite,  giving  a  more  exact  determination  of  the 
crystalline  form  than  has  been  obtained  hitherto;  also  an  ex- 
tended review  of  papers  on  the  topaz  of  Durango  by  N.  von 
Kokscharow,  Jr.,  and  by  DesCloizeaux,  with  an  exhaustive  list 
of  calculated  angles  for  the  many  new  forms.  A  description 
is  also  given  of  the  mineral  Mursinskite,  thus  far  known 
from  two  specimens  only  which  were  found  more  than  thirty 
years  ago.  It  occurs  in  minute  crystals  inclosed  in  large  trans- 
parent topaz  crystals  from  Alabaschka,  near  Mursinsk  in  the 
Ural.  The  form  is  that  of  a  tetragonal  pyramid  with  angles 
of  127"  31'  (terminal)  and  77**  22^'  (basal);  two  pyramids  of 
the  second  series  and  several  zirconoids  were  also  observed. 
The  color  is  wine-  to  honey-yellow,  transparent  to  semi-transpar- 
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ent ;  the  hardness  is  six  to  seven  and  a  determination  pi  the  spe- 
cific gravity  gave  4'149  ;  this  result  has,  however,  no  great  claim 
to  accuracy.  Nothing  is  known  about  the  chemical  composition, 
so  that  its  true  relations  must  remain  in  doubt  until  additional 
material  is  obtained.  The  rarity  of  the  species  will  be  appreci- 
ated from  the  fact  that  in  the  past  thirty-two  years  no  additional 
specimens  have  been  found,  though  often  searched  for. 

4.  On  the  relation  of  Schorlomite  to  Garnet. — ^Dr.  Konig  has 
recently  published  the  following  analysis  of  a  massive  titaniferous 
garnet  from  southwestern  Colorado : 

•    SiO,        TiO,      AI9O,       Fe,0,        CaO         MgO       00, 
0.=r3-689         30-71         8'11         2*20         2267         34-29         O'SO        l-48=99-82 

This  result  can  be  made  to  conform  to  the  garnet  formula  only 
by  assuming  that  part  of  the  titanium  replaces  the  alumina  as 
Ti,0,  (3 '64  p.  c).  This  garnet  resembles  the  titaniferous  melan- 
ites  from  the  Kaiserstuhl  described  by  Knop  and  the  discussion 
has  led  K&nig  to  the  same  conclusion  in  regard  to  schorlomite 
that  Knop  and  Rammelsberg  had  reached  on  the  basis  of  the 
Kaiserstuhl  garnets,  viz :  that  it  is  essentially  a  garnet  containing 
Ti,0,  as  well  as  TiO,.  An  analysis  of  the  Arkansas  schorlomite 
gave  K5nig: 

SiO,        TiO,      TiaOa    AlaO,    Fe,0,      CaO       MgO     MnO 
G.=s3-876      26-80       12-46       444       1-00       23*20       31-40       1-22      0-46=b99-98 

This  agrees  approximately  with  the  garnet  formula;  the  general 
conclusion  seems  probably  correct. — Ptoc,  Acad,  Nat,  ScL  Philad,, 
355,  188G. 

III.  Botany. 

Botanical  Notes. — ^The  numbers  of  this  Journal  for  January,' 
February,  and  March,  1886,  contain  an  extended  paper  by  Pro- 
fessor Penhallow  of  Montreal  on  "  Tendril  Movements  in  Cucur- 
bita  maxima  and  C,  Pepo,^^  The  author  has  recently  sent  us  a 
copy  of  a  quarto  memoir,  separately  issued  from  the  Transactions 
of  the  Royal  Society  of  Canada,  vol.  iv,  sect,  iv,  read  May  27, 
1886,  on  Mechanism  of  movement  in  Gucurhita^  Vitis,  and  Mo- 
binia ;  also  from  the  Canadian  Record  of  Science,  of  Oct.,  1886, 
Additional  notes  upon  the  Tendrils  of  Cucurbitacece,  On  looking 
over  these  two  articles,  the  larger  of  which  enters  somewhat  into 
the  history  of  the  subject  and  cites  a  good  i^any  publications,  we 
find  no  reference  whatever  to  his  own  papers  published,  at  the 
author's  particular  desire  in  this  Journal.  This  is  the  more  re- 
markable as  in  them  Professor  Penhallow  coins  a  new  term,  which 
he  continues  to  make  much  use  of;  and  an  author  generally  likely 
to  date  his  own  discoveries  as  near  to  their  inception  as  he  can. 

SWe   learn   that  the  omission   was  purely  accidental,  through 
orgetfulness.] 

A  Bedwooa  Reserve, — Weiiave  received  a  copy  of  "  An  earnest 
appeal  to  the  enlightened  self-interest  of  California"  for  the  pres* 
ervation  of  a  Redwood  park  in  the  Pescadero  district,  north  of 
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Santa  Cruz.  It  is  earnestly  hoped  that  the  appeal  which  Mr. 
Ralph  Sydney  Smith  very  eloquently  and  sensibly  makes  may  be 
successful,  if  nothing  is  done  to  preserve  for  posterity  a  speci- 
men of  Redwood  forest,  including,  if  possible,  some  of  the  lar^ 
trees,  future  and  not  far  distant  generations  of  Californians  will 
have  cause  to  revile  the  memory  of  their  forefathers.  Time  was 
when  we  had  hoped  for  a  government  reservation  of  such  forest, 
of  ten  miles  square,  in  the  northwestern  part  of  the  State,  and  it 
would  have  cost  nothing.  But  the  plan  now  broached,  although 
it  will  cost  something,  has  the  great  advantage  of  fairly  securing 
this  object  and  at  the  same  time  giving  to  Ban  Francisco  an  unri- 
valed park  quite  within  the  reach  of  its  citizens.  Let  us  hope  that 
the  few  great  Redwoods  which  survive  above  Santa  Cruz  may 
form  an  annex  to  this  reservation.  Unless  something  of  this  kind 
is  speedily  done,  one  of  the  peculiar  glories  of  the  State  of  Cali- 
fornia will  in  the  next  century  be  only  a  tradition. 

Notes  of  a  Naturalist  in  South  America^  by  John  Ball,  F.R.S., 
etc.,  is  a  duodecimo  volume  of  417  pages  (London,  Kegan,  Paul 
&  Co.),  which  we  had  hoped  to  give  an  account  of  Especiallv  one 
would  wish  to  discuss  the  two  appendices,  viz:  A.  On  the  fell  of 
temperature  in  ascending  to .  heights  above  the  sea-level,  and  B. 
Remarks  on  Mr.  Croll's  theory  of  secular  changes  of  the  earth's 
climate.  We  can  only  commend  them  to  the  consideration  of 
those  interested  in  terrestrial  physics  and  meteorology. 

FUtonia,  a  Series  of  Botanical  Papers,  by  Edward  L.  Greene, 
Assistant  Professor  of  Botany  in  the  University  of  California. 
Vol.  i,  part  1.  Berkeley,  California,  March,  1887. — An  octavo  of 
48  pages.  No  preface  or  announcement  is  given.  We  may  infer 
.that  Pittonia  is  in  reference  to  the  family  name  of  Toumefort,  and 
that  the  publication  may  have  for  its  model  the  Adansonia  of 
Baillon ;  but  the  ideas  of  genera  and  species  are  on  quite  another 
model.  Perhaps  the  plan  may  be  that  of  the  Linnsea ;  for,  as  in 
that  occasional  rather  than  serial  publication,  a  portion  of  the  pages 
is  given  to  reviews  of  recent  botanical  literature.  Good  botanists 
have  followed  Decaisne  in  referring  the  Big-roots  to  Echinocystis  ; 
but  we  suppose  that  the  validity  of  the  genus  Megarrhiza  may 
still  be  seriously  defended.  The  various  new  species  of  Trifoliumy 
Zauschneria,  etc.,  and  the  recast  of  Krynitzkya^  Plagiohothrys^ 
etc.,  into  new  forms  may  be  safely  left  to  the  final  judgment  of 
competent  botanists.^  Professor  Greene's  judgment  and  ours  are 
widely  divergent. 

Dr.  August  Galtinger  has  issued,  in  a  thick  and  neatly  printed 
pamphlet  of  109  pages,  8vo,  T?ie  Tennessee  Floray  with  special 
reference  to  the  Flora  of  Nashville ;  Phmnogams  and  Vascular 
(JryptogamSy  1867. — The  preface,  full  of  pleasant  personal  details 
and  grateful  acknowledgments,  is  followed  by  a  very  interesting 
sketch  of  the  general  aspect  of  the  flora  of  Tennessee  and  of  its 
four  natural  floral  arrondisements^  which  are  graphically  de- 
scribed, geographically,  geologically  and  phytologically.  We 
should  be  glad  to  quote  the  whole  of  it.     Separate  lists  are  given 
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of  the  "  Plants  of  the  glades  and  bluffs,  of  calcareous  soils;"  of  the 
**  Oak  barrens  and  highlands,  siliceous  and  argillaceous  soils ;"  and 
of  "  Plants  peculiar  to  West  Tennessee,"  the  eastern  part  of  Cre- 
taceous, the  western  of  Tertiary  and  Post-tertiary  deposits.  Then 
comes  the  systematic  catalogue,  in  which  the  species  occurring 
within  thirty  miles  of  Nashville  are  printed  in  full  faced  type. 
Recently  published  species  are  given  with  characters  in  foot-notes. 

BuUetin  de  la  Socikth  Botanique  de  France, — In  the  83d  volume 
M.  Franchet  begins  his  PlantcB  Yunnanaea^  an  account  of  the 
collections  from  the  interior  Chinese  province  of  Tun-nan.  Begin- 
ning in  the  fifth  fascicle,  it  is  carried  on  in  the  sixth  through  the 
AnacardiacecB.  M.  Clos,  having  proposed  the  term  pistiUodium 
as  the  analogue  of  staminodium^  M.  Cogniaux,  on  p.  470,  calls 
attention  to  his  use  of  it  in  the  Flora  Brasiliensis,  in  1878,  and 
thinks  the  term  as  needful  as  stamin odium.  That  is  not  quite 
clear ;  the  latter  term  is  free  from  ambiguity.  Pistilodium  may 
be  the  homologue  either  of  a  carpel  or  of  a  circle  of  carpels. 
M.  H^rail  and  Blotti^re  have  a  paper  on  the  histology  of  the 
LardizdbalecB,  They  come  to  the  conclusion  that  De  Candolle 
was  probably  right  m  appending  this  group  to  the  Meniaperma- 
cecB,  that,  in  any  case,  they  are  not  Berheridacece. 

Pbopessor  a.  W.  Eichlbk,  Director  of  the  Botanical  Garden 
at  Berlin  (where  he  succeeded  Alexander  Braun),  editor  of  the 
Flora  Brasiliensis,  a  systematic  botanist  of  the  first  class  and  a 
man  most  highly  esteemed,  died  on  the  second  of  March,  after  a 
lingering  illness.  He  was  one  of  the  foreign  honorary  members 
of  the  botanical  section  of  the  American  Academy  of  Arts  and 
Sciences.  ^ 

M.  Bornet  delivered  before  the  Academy  of  Sciences  of  the 
Institute  of  France,  at  the  close  of  last  year,  a  most  appreciative 
notice  of  the  late  L,  R,  Tulaane^  whose  chair  in  the  Academy  he 
fills.  It  has  now  been  published,  and  to  it  is  appended  a  full  list 
of  Tulasne's  publications. 

Botanical  Contrihutiona^  1887  (a  revision  of  some  Polypeta- 
lous  Genera  and  Orders,  Sertum  Chihuahuaense,  Appendix,  Mis- 
cellanea), by  Asa  Gray,  are  here  mentioned  only  to  state  that  a 
portion  of  the  manuscript,  accidentally  omitted  on  p.  273,  is  sup- 
plied at  the  end,  p.  314.  Another  grave  oversight  was  not  dis- 
covered in  time.  The  paragraph  in  'the  middle  of  the  page  290, 
beginning  "  A.  acerifolia "  was  to  have  been  erased  from  the 
printer's  copy,  being  in  fact  replaced  by  the  paragraph  next 
below,  beginning  "  A.  ThurherV^  The  lines  printed  bjr  mistake 
have  been  cancelled  by  the  pen  in  all  or  most  of  the  distributed 
copies.  A.  G. 

2.  Outlinea  of  Claaaification  and  Special  Morphology  of 
JPlantay  by  Dr.  K.  Gcbbbl,  Professor  in  the  University  of  Ros- 
tock ;  a  new  edition  of  Sacha*  Text-Book  of  Botany^  Book  11, 
Authorized  English  translation,  by  Henry  E.  F.  Garnsby, 
Fellow  of  Magdalen  College,  Oxford.  Revised  by  Isaac  Baylby 
Balfour,  M.A.,  M.D.,  F.K.S.,  Fellow  of  Magdalen  College  and 
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Sherardian  ProfesBor  of  Botany  in  the  University  of  Oxford. — 
This  work,  published  by  the  Clarendon  Press,  Oxford,  in  a  large- 
paged  octavo  volume  of  515  pages,  is  a  great  improvement  upoa 
the  original  of  Sachs,  not  to  speak  of  the  advantage  of  having  an 
independent  volume  apart  from  physiology  and  histology.  Evi- 
dently the  translator  and  reviser  have  done  their  part  welL 
Perhaps  it  is  too  late  to  arrest  such  a  misbegotten  word  as 
asexual  meaning  non-sexual ;  but  Oxford  University  and  the 
Clarendon  Press  might  have  lent  a  helping  hand*  The  author 
himself,  as  appears  from  his  introduction,  was  of  doubtful  mind  as 
to  the  character,  number  and  names  of  his  primary  group  in  the 
Vegetable  Kingdom ;  so  that  his  English  representatives  could 
not  expect  to  help  him.  But  he  comes  out  essentially  in  a 
good  old  way  with  Thallophytes,  Bryophytes,  Pteriophytes  or 
Vascular  Cryptogams  and  Seed  Plants  (Spermaphytes).  This, 
developed,  recognizes  a  primary  division  into  Phanerogams  or 
Flowering  and  Cryptogams  or  Flowerless  Plants ;  as  to  names. 
Flowering  Plants  is  quite  as  good  as  Seed  Plants,  and  long  in 
use,  and  Spermaphytes  is  not  such  a  name  as  the  classical  End- 
lioher  would  have  made. 

Coming  to  the  classification  of  the  Phanerogams,  they  are 
distributed,  first  into  those  without  an  ovary,  QymnospermoSy 
the  third  group  of  which,  Gnetacece  is  said  to  have  '^  flowers 
in  many  respects  like  those  of  Angiosperms,"  which  is  true 
and  pertinent ;  second,  Phanerogams  with  ovaries,  AngiospermoSj 
A.  Monocotyledons,  B.  DicotyUdons.  Thus  the  Gymnosperms 
are  taken  to  be  what  they  are,  whatever  they  may  have  come 
from,  part  and  parcel  of  Phanerogamous  plants;  and,  if  the 
Ghietaceos  be  of  them,  strictly  connected  with  the  Dicotyledons. 

Finally,  names  and  terms  have  some  rights  which  ought  to  be 
respected.  So  we  may  protest  against  the  present  but  probably 
fleeting  fancy  of  imposing  cryptogamous  terminology  upon 
phanerogamous  botany,  the  new  and  ill-defined  upon  the  old  and 
well-settled.  If  all  homologues  must  needs  have  the  same  name, 
why  not  call  microspores  "pollen,"  rather  than  pollen  grains 
"spores?"  This  translation  reads  remarkably  well;  for  the  Ger- 
man has  really  been  turned  into  English.  It  is  not  the  transla- 
tor's fault  that  we  read  that  in  the  Cycads,  "  the  branching  of 
the  primary  root  is  monopodial,"  which  is  one  way  of  saying 
that  the  branching  is  no  branching  at  all.  A  plain  writer  would 
simply  say  such  roots  do  not  branch.  a.  g. 


III.    ASTRONOMT. 

1.  The  AstronomicalJbumal, — Eleven  numbers  of  Dr.  Gould's 
Journal  have  appeared  since  its  resumption  last  autumn.  It^main- 
tains  the  high  character  of  the  earlier  volumes. 

2.  Comets  in  1886. — In  the  tenth  number  of  the  Astr.  Jbtsr.j 
is  given  the  following  table : 
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Comets  of  the  Tear  1886. 
The  dates  are  in  Greenwich  M.  T.,  and  the  elements  only  approximate. 


Dctalff. 
nation. 

Dis- 
corerar. 

Peiihellon 

Q 

<•» 

< 

0-642 

DlBcovery. 

Syno- 
nym. 

I 

Fabry 

Apr.      5-96 

36<»23' 

126^36' 

82037' 

»86  Dec     1 

1885  <i 

II 

Barnard 

May      3-28 

68  19 

119  36 

84  25 

0-479 

Dec.     3 

1885  6 

III 

Brooks 

May     4-67 

288     6 

39     1 

100  33 

0-842 

'86  Apr.  30 

1886  & 

IV 

(t 

June     6-78 

52     6 

176  50 

13  24 

1-360 

May  22 

1886  c 

periodic. 

V 

it 

June     7-40 

192  42 

201  13 

87  44 

0-270 

Apr.  27 

1886  a 

VI 

Finlay 

Aug.   19- 

101  56 

174     8 

14  27 

0-883 

Aug.  19 

1886  rf 

Winnecke 

VII 

t{ 

Nov.    22-39 

52  26 

315     7 

3  2 

0-998 

Sept.  26 

1886e 

periodic. 

VIII 

Barnard 

Nov.   28-22 

258  13 

31  46 

85  35 

1-479 

'87  Jan.  23 

1887  c 

IX      1     " 

Dec.    16-54 

137  23 

86  22 

101  37 

0-663 

'86  Oct.     4 

1886/ 

3.  Comets  in  1887. — The  following  are  the  comets  discovered 
thus  far  in  the  present  year : 

Comet  1887a,  discovered  January  18th  by  Thome. 
'*      18876,  "         January  23d  by  Brooks. 

"       1887c  "         January  23d  by  Barnard. 

»*      1887d,  "  February  16th  by  Barnard. 

H.    A.    N. 

4.  In  the  same  number  of  the  Aatr,  Jour,^  Professor  Hall  gives 
the  result  of  his  measurements  of  63  small  stars  in  the  Pleiades. 
The  probability  that  the  stars  of  such  a  group  have  a  common 
proper- motion,  and  that  the  small  stars  are  connected  physically 
with  the  larger  ones,  together  with  the  importance  of  being  able 
at  some  future  time  to  test  the  motion  of  the   brighter  stars 

•  relative  to  the  neighboring  faint  ones,  led  Professor  Hall  to 
undertake  this  series  of  observations.  The  triangulation  of  the 
bright  stars  of  the  Pleiades  by  Dr.  Elkin,  recently  finished,  made 
the  present  a  favorable  time  for  stich  measurements. 

The  improvement  of  the  photographic  processes  is  such,  how- 
ever, as  to  make  it  seem  best  for  the  present  to  discontinue  these 
measurements  and  to  wait  to  see  what  the  photographic  methods 
will  furnish.  h.  a.  n. 

5.  Henry  Draper  Memorial. — Professor  Pickering  has  issued 
his  first  annual  report  of  the  photographic  study  of  stellar  spectra 
made  at  the  Harvard  College  Observatory  under  the  very  liberal 
provision  of  Mrs.  Draper  as  a  memorial  to  her  husband.  The 
various  investigations  begun  or  devised  are :  1.  A  catalogue  of 
spectra  of  bright  stars ;  2.  Catalogue  of  spectra  of  faint  stars ; 
8.  Detailed  study  of  the  spectra  of  bright  stars ;  4.  Faint  stellar 
spectra ;  5.  Absorption  spectra ;  6.  Wave  lengths.  The  progress 
already  made  in  spectral  photography  is  vividly  illustrated  by 
the  plate  which  accompanies  the  Report.  h.  a.  n. 

6.  U,  S,  Coast  and  Geodetic  Survey^  for  the  year  ending  with 
Juney  1885.  Washington,  1886. — This  report  contains,  among 
the  results  of  work  accomplished,  papers  by  C.  A.  Schott  on  the 
magnetic  dip  and  intensity  with  their  secular  variation  and  geo- 
graphical distribution  in  the  United  States,  with  three  maps  and 
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three  plates;  Geobge  Davidson,  collection  of  some  magnetic 
variations  off  the  coast  of  California  and  Mexico,  observed  by 
Spanish  Navigators  in  the  last  quarter  of  the  18th  century  ;  Wm. 
Febrbl,  on  the  harmonic  analysis  of  the  tides  at  Governor's 
Island,  New  York  Harbor ;  Lieut.  J.  E.  Pillsbuby,  U.  S.  N.,  on 
deep-sea  current  work  in  the  Gulf  Stream ;  C.  S.  Peibob,  on  the 
influence  of  a  noddy  on  the  period  of  a  pendulum,  and  on  the 
effect  of  unequal  temperature  upon  a  reversible  pendulum. 

Magnetic  dip  in  North  America. — Mr.  Schott,  in  Part  II  of  his 
paper,  mentions  Prof.  Loorais's  deduction  as  to  the  diminution  of 
magnetic  dip  based  on  observations  from  1819  to  1839,  making  it 
1-6  per  year;  and  again,  "comparing  the  dips  in  N.  York  by  Sir 
E.  Sabine  and  Sir  J.  Franklin  (1822  to  1825)  with  his  own  and 
others  about  the  epoch  1835,  deducing  the  rate  of  2'1'  per  year, 
and  thence,  including  also  the  earlier  observations,  a  rate  of  1*8' 
as  the  annual  diminution  of  dip  in  the  Eastern  United  States. 
Mr.  Schott  then  observes  that  in  1856  he  showed  that  in  the 
northeastern  part  of  the  country  the  dip  continued  to  decrease 
till  about  the  year  1843,  when  it  became  stationarv,  1842-7i0'7, 
being  deduced  as  the  period  of  the  minimum ;  that  from  that 
date  to  1856,  the  increase  had  been  2'7'.  But  unexpectedly  the 
increasing  of  the  dip  stopped  about  1859  in  the  Eastern  United 
States,  and  that  since  about  1860,  a  decrease  has  been  in  progress 
"  thus  suggesting  the  idea  of  a  secondary  motion  or  wave  of  com- 
paratively short  duration,  and  of  a  character  opposite  to  the 
general  motion  in  the  variation  of  the  dip  as  it  existed  before  and 
after  this  temporary  interruption.''  The  time  was  the  same  at 
Toronto  and  W  ashington,  but  much  later  on  the  Pacific  in  South- . 
em  California.  After  a  further  discussion  of  the  subject,  Mr. 
Schott  gives  as  the  annual  decrease  in  seconds  for  Cambridge  and 
Boston,  7*5  ;  New  Haven,  5*6 ;  Albany  and  Greenwich,  6*6 ;  New 
York,  5-4;  Philadelphia,  5-6;  Baltimore,  4*8 ;  Washington,  3-5; 
Toronto,  2-5 ;  Cleveland,  3-6 ;  Detroit  28 ;  Saint  Louis,  5-0,  "  which 
values,  in  the  absence  of  any  additional  observations,  may  be  used 
for  a  few  years  to  come." 

At  Rio  de  Janeiro  there  has  been  a  steady  increase  of  north 
dip  between  La  Caille's  observation  in  1751  (dip  =—20**  0')  and 
Harkness's  observation  in  1866  (—11°  47').  The  same  is  noted 
in  Valparaiso,  between  the  observations  of  Malaspina  in  1793 
(dip=— 44°  58'),  and  Harkness's  observation  in  1866  (-36°  23'). 
in  contrast  with  this,  at  Havana  the  present  annual  change  is 
probably  less  than  -f 08':  at  Acapulco  about  +1'0';  at  Mexico 
and  San  Bias,  perhaps, +1*5'  to  +2-0'.  "At  Magdalena  Bay, 
Lower  California,  the  annual  change  seems  to  have  become -zero 
at  present." 

In  British  N.  America,  North  of  Dakota  over  the  Lake  Winni- 
peg region  to  Hudson's  Bay,  it  is  not  now  very  different  from 
what  it  was  forty  years  ago ;  farther  west  at  Fort  Chipewyan, 
Fort  Edmonton,  it  may  be  about  -0*5';  at  Nootka  Sound,  Van- 
couver Island,  about  —0*7';  at  Port  Simpson,  —1-5';  in  Alaska, 
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decreasing  since  (about)  1852,  with  an  annual  rate  between  —2-2' 
at  Sitka,  —I'd'  at  Unalashka,  1*0'  at  Port  Clarence  near  Bering 
Strait,  and  1*2'  at  Point  Barrow.  Crossing  to  Asia,  the  dips  indi- 
cate a  maximum  about  1854,  which  appears  to  be  supported  by 
the  dips  at  Port  Clarence,  and  has  been  conjectured  for  Unalashka. 

The  position  of  the  pole  of  the  vertical  dip  was  deduced  by 
Ross,  as  follows:  in  June,  1831  in  (p  70^  05-3',  A=  — 96**  45*8'.  Mr. 
Schott  observes,  "  It  seems  perhaps  more  reasonable  to  suppose  its 
range  of  displacement  to  be  quite  limited  than  to  assign  to  it,  as 
has  been  done,  a  path  surrounding  the  geographical  pole,  and  to 
be  described  in  several  centuries."  "  Observations  on  H.  M.  S. 
Brazen  in  1813  p*oint  to  approaching  verticality  in  ^=69"  and  \ 
=—92';"  and  "  Lieut.  Schwatka  supposes  the  pole  in  1 879  to  have 
shifted  to  A=— 99**  35',  while  he  leaves  any  change  in  its  latitude 
undecided."  Mr.  Schott  adds,  ^'  If  the  secular  diminution  extends 
to  this  northern  region,  the  pole  would  now  be  found  in  a  higher 
latitude  than  that  given  by  Ross,  but  of  this  we  are  not  certain. 
It  is  to  be  regretted  that  no  steps  were  taken  toward  its  solution 
in  connection  with  the  late  international  circumpolar  explora- 
tions." 

The  first  125  pages  of  Mr.  Schott's  able  paper  are  occupied 
with  a  tabulation  and  discussion  of  observations ;  and  Part  third 
treats  of  the  secular  variations  of  the  horizontal  component  of  the 
magnetic  force  and  of  the  total  intensity  in  the  United  States,  and 
contains  a  table  of  the  annual  value  of  observed  magnetic  hori- 
zontal force  at  prominent  stations. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Die  Hochaeen  der Ostalpen, — Dr.  August  Bohm  has  given  in 
a  recent  publication'  of  the  Vienna  Geographical  Society  an  inter- 
esting discussion  of  the  distribution  of  lakes  on  the  earth's  surface. 
Alluding  to  the  recognized  fact  that  lakes  occur  for  the  most  part 
in  groups  and  as  connected  with  glacial  phenomena,  he  goes  on 
to  show  that  there  is  a  connection  between  their  situation  and 
their  altitude.  In  other  words,  it  may  be  shown  that  the  height 
of  the  mountain  lakes  above  the  sea,  in  general,  increases  as  we 
go  from  the  pole  toward  the  equator,  somewhat  as  the  snow 
level  rises.  Ihe  Alpine  lakes,  which  give  the  data  for  this  dis- 
cussion, are  divided  into  two  groups,  the  valley  and  mountain 
lakes.  The  former  are  in  general  large  and  occupy  the  valley 
bottoms,  forming  a  horizontal  zone  among  themselves  ;  they  lie 
on  the  circumference  of  the  former  glacial  region,  where  the  ice 
streams  at  the  time  of  maximum  glaciation  could  exert  their 
greatest  force.  The  latter  are  generally  small  and  are  situated 
high  up  in  the  heart  of  the  mountain  region,  but  they  also  occur 
in  greatest  abundance  at  a  definite  altitude  in  each  mountain 
chain,  marking  the  last  phase  of  the  retreat  of  the  shrinking 
glaciers.  These  mountain  lakes  are  regarded  as  having  but  an 
ephemeral  nature ;  the  filling  of  the  lake  with  detritus  and  the 
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deepening  of  its  outflow  channel  so  as  to  drain  it  being  the  two 
causes  at  work  to  destroy  these  bodies  of  water.  Attention  is 
called  to  the  fact  that  within  the  last  century  100  lakes  have 
disappeared  in  Tyrol..  With  the  retreat  of  the  glaciers  the  upper 
lake  zone  also  retreats  to  a  continually  higher  level,  until  a  Hmit 
is  reached  as  determined  by  the  precipitous  character  of  the 
mountains.  The  rise  in  altitude  of  the  present  lake-zone  from 
pole  to  equator  is  connected  with  the  fact  that  glaciation  has  been 
more  marked  in  higher  latitudes.  The  author  discusses  in  detail 
the  distribution  of  the  lakes  and  their  character  in  the  Eastern 
Alps,  and  then  gives  a  tabulated  list  of  them  arranged  according 
to  their  vertical  distribution  at  intervals  of  l(Jo  meters.  This 
brings  out  clearly  the  concentration  of  these  lakes  at  certain 
levels,  and  this  is  made  still  more  striking  in  a  graphical  chart. 
The  following  table  gives  some  of  the  facts  in  condensed  form  : 

8000     80004500   2S0O-200O   2000-1500    1500-1000    lOOCKlOO     5004) 

Limestone  Alps — North, 
Schist  Alps — North, 
Gneiss  Alps — Cent,  chain, 
Limestone  Alps — South, 

2.  American  Association, — It  has  been  decided  to  hold  the 
meeting  of  the  American  Association  for  the  Advancement  of 
Science,  for  this  year  at  New  York,  commencing  on  August  10th. 

3.  AgridiUure  in  some  of  its  relations  with  Uhemistry  ;  by  F. 
H.  Storer,  S.B.,  A.M.,  Prof.  Affric.  Chem.  Harvard  Univ.  2  vols. 
8vo.  New  York,  1887.  (Charles  Scribner's  Sons).— A  notice  of 
this  excellent  work  by  the  able  chemist  of  the  Harvard  Agricul- 
tural School  is  deferred  to  another  number. 

4.  National  Academy  of  Sciences, — The  following  papers  were 
entered  to  be  read  at  the  meeting  held  at  Washington,  April 
19-22 : 

T.  Steeey  Hunt  ;  On  Chemical  Integration. 

C.  £.  DuTTON  and  E.  Haydkn  :  Results  of  the  Investigation  of  the  Charleston 
Earthquake. 

Joseph  LbContb  :  On  some  Phenomena  of  Binocular  Vision. 

W.  G.  Faelow  :  The  Vegetation  of  the  Hot  Springs  of  the  Yellowstone  Park. 

E.  D.  Cope  :  On  the  Fore  Limb  and  Shoulder  Girdle  of  Eryops,  and  on  the 
Vertebrates  of  the  Triassic. 

Elias  Loom  Id:  Rainless  character  of  the  Sahara. 

5.  P.  Lanoley  :  The  Color  of  the  Sun ;  a  new  Map  of  the  Spectrum. 

Ira  Rehsen  :  Chemical  Constitution  and  Taste ;  On  a  New  Class  of  Compounds 
analogous  to  the  Phthaleins;  On  the  Decomposition  of  Diazo  Compounds  by 
Alcohol. 

A.  G.  Bell  :  On  the  Ancestry  of  the  Deaf ;  On  the  Notation  of  Kinship. 

J.  W.  GiBBS :  On  the  Determination  of  Orbits  of  Planets  and  Comets. 

G.  H.  WiLUAMS :  On  the  Serpentine  of  Syracuse,  New  York. 

A.  W.  Grbelt  :  On  the  Barometric  Oscillation — Diurnal  and  Annual. 
W.  H.  Dall  :  On  Floridian  Geology. 

C.  D.  Walcott  :  On  the  Taconic  System  of  Emmons. 
R.  D.  Irving  :  Is  there  a  Huronian  Group  ? 

B.  G.  Wilder  :  On  the  Brain  of  the  Ceratodus,  with  Remarks  ou  the  General 
Morphology  of  the  Vertebrate  Brain. 

Theodore  Gill:  Outline  of  the  Ichthyological  System. 
A.  W.  Wright;  The  effect  of  Magnetization  on  the  Electrical  Resistance  of 
Metals. 
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Art.  XLIV. — History  of  the  Changes  in  the  Mt,  Loa  Craters, 
on  Hawaii;  by  James  D.  Dana.     With  Plate  XII. 

The  instructive  papers  of  Messrs.  Emerson,  Van  Slyke  and 
Dodge  (p.  87)  are  a  good  beginning  for  a  future  history  of  the  Ha- 
waiian volcanoes.  The  earlier  history,  for  sixty-five  vears  back, 
has  a  source  of  material  in  three  scientific  reports :  that  of  Cap- 
tain 0.  B.  Dutton  (1883),*  the  memoir  of  Mr.Wm.T.Brigham, 
who  visited  the  region  in  1864  and  1865,t  and  the  report  of  the 
writer,^  after  an  examination  in  1840,  each  of  which  may  be 
assumed  to  give  the  facts  as  they  were  observed,  whatever  the 
value  of  the  explanations  offered.  In  connection  with  these 
should  be  mentioned  the  descriptions  and  illustrations  in  the 
Narrative  of  the  Exploring  Expedition  by  Captain  Wilkes.§ 
There  are  also  accounts  from  various  other  sources  which, 
although  in  many  cases  overdrawn,  contain  information   of 

*  In  the  Fourth  Annual  Report  of  the  Dfrector  of  the  U.  S.  GeoL  Survey,  1882- 
'83,  140  pp.  roy.  SvOj-with  maps  and  plates  of  Kilauea,  the  Mt.  Loa  crater,  etc. 

f  Notes  on  Uie  volcanoes  of  the  Hawaiian  Islands,  with  a  history  of  their  vari- 
ous eruptions,  by  Wm.  T.  Brigham,  A.M.,  Mem.  Boston  Soc.  Nat  Hist.,  vol.  i, 
Part  ii.  126  pp.  4to,  with  four  plates  (including  a  new  map  of  Kilauea)  and  several 
woodcuts.  18^8.  Mr.  Brigham's  map  is  reproduced  in  Captain  Button's  Report, 
but  without  explanation  or  remark. 

1  Report  Geol.  Wilkes  Eipl.  Exped.,  766  pp.,  4to,  with  folio  atlas,  1849. 

§  Narrative  of  the  Expl.  Exped.,  by  Charles  Wilkes,  U.  S.  N.,  Commander  of 
the  Expedition,  1838-1842.  5  vols.  roy.  8vo,  with  an  atlas.  1846.  The  account 
of  the  volcanoes  of  Hawaii  is  in  vol.  iv.  Captain  Wilkes  required  his  officers  to 
keep  journals,  and  used  them  as  a  source  for  part  of  the  material  for  his  Narra- 
tive. 
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much  importance.    In  my  Geological  Report  I  endeavored  to 
bring  the  history  in  a  brief  way  down  to  1849,  the  time  of  its 

Eublication.     Mr.  Brigham  reviewed  the  same  to  the  date  of 
is  last  examination  in  1865. 

Captain  Dutton  gives  his  own  observations  in  1882,  and  his 
conclusions,  with  a  few  citations  from  other  accounts ;  but  the 
condition  of  the  crater  at  the  time  of  the  visit  was  not  favor- 
able for  an  appreciation  of  the  phases  of  the  volcano  or  for  an 
understanding  of  all  its  phenomena ;  and  he  is  led  to  doubt 
much  that  was  well  reported  before  him,  very  much  more  than 
appears,  in  the  light  of  the  facts  presented  beyond,  to  be  rea- 
sonable. 

The  conclusions  he  gathers  from  the  accounts,  as  stated  on 
pp.  117,  118  of  his  Report,  are  the  following : 

"At  the  present  time  [1882]  the  liquid  lava  columns  stand  about 
435  feet  higher  than  they  did  forty  years  ago.  No  record  has 
ever  been  kept  of  the  progressive  action  by  which  these  changes 
have  been  brought  about.  Nothing  remains  to  show  the  succes- 
sive steps  in  the  accretion  of  lavas  which  gradually  filled  up  the 
interior  pit.  The  only  guides  we  have  are  the  fragmentary 
accounts  of  numberless  visitors  describing  the  condition  of  Ki- 
lauea  from  time  to  time.  These  are  all  so  incoherent,  and  so 
grossly  wanting  in  precision,  that  it  is  impossible  to  frame  a  con- 
nected account  of  the  process. 

"  There  are,  however,  a  few  general  features  of  the  process 
which  appear,  and  these  may  be  briefly  summarized.  All  accounts 
go  to  show  that  the  height  of  the  liquid  column  oscillates  in  an 
irregular  manner ;  and  while  most  of  these  oscillations  are  small, 
usually  not  exceeding  ten  to  fifteen  feet,  yet  in  exceptional  cases 
they  are  very  much  greater.  Whenever  the  liquid  column  rises 
there  is  a  tendency  to  ovei-flow  the  margin  of  the  pool  which  sur- 
rounds it,  and  this  frequently  happens.  The  quantities  of  lava 
thus  outflowing  and  spreading  out  over  a  considerable  area  vary 
extremely,  being  suflScient  sometimes  to  cover  no  more  than  a  few 
acres  to  the  thickness  of  a  very  few  feet,  while  on  rare  occasions 
a  square  mile  or  two  may  be  overflowed  with  a  considerable  body. 
The  duration  of  these  overflows  is  also  extremely  variable.  Some- 
times it  is  a  single  belch  or  surge  lasting  but  a  few  minutes.  It 
is  quite  common  for  the  lava  to  run  in  this  way  for  a  whole  day, 
and  in  large  outflows  it  may  run  for  two  or  three  weeks  without 
interruption.  Sooner  or  later  the  liquid  column  sinks  and  the 
overflow  ceases.  The  eruptions  are  not  by  any  means  confined  to 
the  lakes,  but  break  out  at  unexpected  places.  One  of  the  most 
favored  spots  for  this  action  is  the  former  focus  of  the  Old  South 
Lake,  which  for  several  years  has  been  completely  frozen  over. 
The  cooling  lava  invariably  takes  the  form  of  pahoehoe." 

The  above  meagre  summary,  which  Captain  Duttbn^s  facts, 
and  his  knowledge  of  the  descriptions  of  earlier  "  visitors," 
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have  enabled  him  to  present,  contains  little,  it  is  true,  that  is 
important  to  the  science  of  volcanoes.  After  a  careful  sifting 
of  all  the  earlier  accounts  with  reference  to  statements  bearing 
on  the  progressive  changes  in  the  craters  of  Kilauea  and  Mt. 
Loa,  I  have  found  that  very  much  more  is  taught.  What,  and 
of  what  significance,  the  following  pages  aim  to  show. 

I.  KILAUEA. 

Besides  the  publications  already  mentioned,  the  following, 
relating  to  Kilauea  prior  to  1841,  are  cited  from  beyond,  and 
referred  to  by  means  of  the  Roman  numerals  here  prefixed.  I 
add  some  descriptive  and  critical  notes  that  the  facts  reported 
may  be  received  with  proper  discrimination. 

I.  a.  Journal  of  a  Tour  around  Hawaii  [in  August,  1823]  by  a 
Deputation  from  the  Mission  of  the  Sandwich  Islands.  264  pp.  8vo, 
with  six  plates.  Boston,  1825  (Crocker  &  Brewster).  "Drawn 
up  by  the  Rev.  Wm.  Ellis,"  of  England,  one  of  the  party,  "from 
minutes  kept  by  himself  and  by  his  associates  on  the  tour,  who 
subsequently  gave  it  their  approbation."  Contains,  facing  p.  136, 
a  night-view  of  "  the  south  end  of  Kilauea,"  from  a  sketch  taken 
by  Mr.  Ellis,  looking  southwestward,*  engraved  by  S.  S.  Jocelyn, 
of  New  Haven,  Ct.  See  also  Missionary  Herald,  xxii,  25,  1826. 
b,  London  edition,  "with  large  additions,"  1826,  under  the  title, 
"Narrative  of  a  Tour  through  Hawaii;"  3d  edit.,  March,  1827,, 
480  pp.  8vo.  Contains,  facing  p.  226,  a  day-view  of  the  "  south- 
west end"  of  Kilauea,  engraved,  irom  the  same  sketch,  in  England ; 
but  a  large  cone  stands  where  was  the  foot  of  a  lava-stream 
descending  the  west  wall;  two  cones  are  omitted;  the  active 
cones  give  out  steam  quietly.     See  p.  438. 

II.  Polynesian  Researches,  by  Rev.  Wm.  Ellis,  2d  edition,  4  vols. 
12mo,  London,  1831.  The  first  edition,  2  vols.  8vo,  published 
in  1829,  contains  nothing  about  Hawaii.  In  prepanng  for  a 
second  edition,  the  Narrative  (I  h)  was  added  (as  the  fourth  vol.); 
and,  for  a  frontispiece  to  this  volume,  a  new  engraving  of  Kilauea 
(from  a  painting — a  night-view)  was  introduced,  having  the  sub- 
script, "The  volcano  of  Kilauea  in  Hawaii.  Sketched  by  W, 
Ellis.  Painted  by  E.  Howard,  Jr.  .  .  .  London,  1831."  A  copy 
of  this  plate,  with  the  subscript,  "  Blowing  Cones.  Reproduced 
from  Ellis'  Polynesian  Research,  1823,"  is  contained  in  the  Report 
of  Captain  Dutton.  An  outline  copy  is  introduced  beyond,  on 
p.  441.     The  plate  differs  widely  from  those  of  1826  and  1826 ; 

♦  Leaving  the  north  end  of  the  crater,  says  the  **  Journal,"  p.  145  (and  •'  Narra- 
tive," p.  247)  "we  passed  along  to  the  east  side,  where  Mr.  Ellis  took  a  sketch  of 
the  southwest  end  of  the  crater."  And  then,  in  the  next  sentence,  "  As  we  trav- 
elled from  this  spot  we  unexpectedly  came  to  another  crater  "  nearly  half  as  large 
as  the  former.  The  native  name  of  it  is  Kirauea-iti  f  Kilauea-lki,  as  now  written] ; 
**it  is  separated  from  the  large  crater  by  an  isthmus  nearly  100  yards  wide." 
The  position  from  which  the  view  was  taken  was  hence  north  of  Byron's  hut 
(p.  440),  either  on  the  isthmus  referred  to  or  farther  north  on  the  bluflE  adjacent 
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and  since  the  text  (Polyn.  Res.,  vol.  iv,  p.  266)  gives  tlie  same 
statement  as  the  Narrative  as  to  where  the  sketch  was  taken,  the 
artist's  fancy  is  evidently  the  chief  source  of  the  differences.  The 
cones  are  fewer,  but  they  are  as  active ;  and  one,  placed  out  in 
the  front,  is  a  grand  high  shooter,  far  outdoing  any  of  those  on 
the  other  plates.  Further,  the  features  of  the  black  ledge  and 
the  wall  above  are  changed  on  both  sides  of  the  pit,  and  the  Great 
South  Lake  is  put  in  a  southeast  recess  instead  of  to  the  south- 
west. Mr.  Ellis  was  a  second  time  at  Kilauea,  but  this  was  be- 
fore 1826.  He  then  found  the  crater  much  more  quiet,  and  "  the 
fires  in  the  south  and  west  burning  but  feebly." 

III.  Journal  of  a  voyage  to  the  Pacific  Ocean  and  residence  at 
the  Sandwich  Islands,  1822-1825  ;  by  Rev.  C.  S.  Stewart.  8vo. 
New  York,  1828.  Contains  an  account  of  a  visit  to  Kilauea, 
made  on  July  2,  1826.     Am.  J.  Sci.,  xi,'363,  1826. 

IV.  Visit  to  the  South  Seas,  by  C.  S.  Stewart.  ^  vols.  12mo. 
,New  York,  1831.     In  vol.  ii,  an  account  of  Kilauea  after  a  visit 

Oct.  9, 1829,  not  overdrawn  like  that  in  the  preceding  work.  Anu 
J.  ScL,  XX,  229,  1831. 

V.  Voyage  of  H.  M.  S.  Blonde  to  the  Sandwich  Islands  in  the 
years  1824,  1825,  by  Right  Hon.  Lord  Byron,  Commander.  260 
pp.  4to,  with  plates.  London,  1826.  Contains  an  account  of  a 
visit  to  Kilauea  on  June  28,  29  (29,  30,  American  time),  illus- 
trated by  a  folded  plate  presenting  a  view  of  the  volcano,  by 
R.  Dampier,  in  which  the  many  cones  give  out  vapors  quietly, 
and  a  map  of  the  crater  by  Lieut.  Malden,  R.  N.  (see  p.  441 
beyond). 

VI.  Letters  of  Rev.  Joseph  Goodrich  :   a.  Am.  J.  Sci.,  xi,  2, 

1826,  letter  of  April  20,  1826 ;  b,  ibid.,  xvi,  346,  1829,  letter  of 
Oct.  26,  1828 ;  /?,  ibid.,  xvi,  346,  letter  of  June  12,  1828  ;  d^  ibid., 
XXV,  199,  1834,  letter  of  Nov.  17,  1832. 

VII.  Letter  of  Rev.  A.  Bishop,  Missionary  Herald,  xxiii,  63, 

1827,  after  a  visit  to  Kilauea,  Jan.  3,  1826. 

VIII.  Note  of  Rev.  L.  Chamberlain,  after  a  visit  to  Kilauea 
with  J.  Goodrich,  Dec,  1824,  Missionary  Herald,  xxii,  42,  1826; 
also  in  Ellis's  Pol.  Res.,  iv.  263,  and  Phil.  Mag.,  Sept.,  1826. 

IX.  a.  Memoir  of  David  Douglas,  by  Dr.  W.  J.  Hooker,  with 
portrait,  letters  and  Journal,  Companion  of  the  Bot.  Mag.,  ii,  79- 
182, 1836  ;  the  part  on  Hawaii,  pp.  168-177.  The  visit  to  Kilauea 
was  on  Jan.  23-25,  1834,  and  to  top  of  Mauna  Loa,  on  Jan.  29 ;  the 
account  of  the  latter  in  his  Journal,  p.  175,  and  that  in  a  letter 
to  Dr.  Hooker,  p.  168. — h.  Letter  to  Capt.  Sabine,  dated  Oahu, 
May  3,  1834,  partly  from  his  Journal,  but  with  additional  mate- 
rial on  his  barometric,  hygrometric,  thermometric  and  hypso- 
metric observations,  Journal  Royal  Geogr.  Soc,  iv,  333-334, 1834. 
— c.  Extracts  from  the  Journal  of  Mr.  Douglas,  Mag.  Zool.  and 
Bot.,  i,  582,  1837,  and  including  the  letter  to  Dr.  Hooker  which 
describes  Mt.  Loa. 

Mr.  Douglas  spent  a  dozen  years  in  travels  over  N.  America 
(Oregon,  California,  Hudson's  Bay  region,  etc.)  as  an  (exploring 
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naturalist,  and  twice  visited  the  Sandwich  Islands,  making  collec- 
tions and  observations  in  botany,  zoology,  etc.,  .part  of  the  time 
under  the  auspices  of  the  Horticultural  Society  of  London.  His 
instruments  included  a  barometer,  chroDometei*s,  a  reflecting 
circle,  large  dipping  needle,  etc.  While  on  an  excursion  over 
Hawaii  in  July,  1834  (then  35  years  old),  he  fell  into  a  pit  n^ade 
to  entrap  wild  cattle  and  was  gored  to  death. 

X.  Account,  by  E.  G.  Kellet,  of  observations  made  at  Kilauea 
by  Captains  Chase  and  Parker,  on  the  8th  of  May,  1838,  and 
published,  after  submission  to  Capts.  C.  and  P.,  in  this  Journal, 
xl,  117,  1841,  with  a  map  of  the  crater  (see  p.  448). 

XI.  Notes  of  Count  Strzlecki,  after  a  visit  to  Kilauea  in  1838, 
in  his  **  New  South  Wales  and  Van  Diemens  Land,"  8vo,  London, 
1846,  and  cited  in  quotation  marks  from,  he  says,  his  "manu- 
script notes."  Also  a  note  in  the  Hawaiian  Spectator,  i,  436,  but 
the  facts  differently  stated — see  note,  p.  449. 

XIL  Account,  by  Captain  John  Shepherd,  R.  N.,  after  a  visit, 
Sept.  16,  1839,  contained  in  the  London  AthensBum  of  Nov.  14, 
1840,  p.  909. 

Xin.  Account,  by  Rev.  Titus  Co  an,  dated  September,  1840, 
Missionary  Herald,  xxxvii,  283. 

XTV.  Kev.  H.  Bingham's  Residence  of  thirty-one  years  in  the 
Sandwich  Islands,  184?. 

1.  Kilauea  fkom  Jan.  1823  to  Jan.  1841. 

For  convenient  reference  in  describing  the  varying  phases  of 
the  volcano,  I  introduce  (see  Plate  XII)  a  view  of  the  crater  of 
Kilauea  from  its  north  side,  as  it  appeared  in  December,  1840,* 
when  it  had,  as  a  consequence  of  the  eruption  about  six  months 
before,  a  lower  pit,  and  a  "black  ledge,''  besides  the  great 
southern  lake  of  lavas,  Halema'uma'u,  all  well  defined.  The 
artist  of  the  expedition,  Mr.  J.  Drayton,  has,  with  the  aid  of  his 
camera  lucida,  brought  out  well  the  features  of  the  scene. 
The  more  distant  wall  is  about  14,000  feet  from  the  near  side, 
and  thi3  is  not  far  from  the  idea  the  view  conveys,  quite  as 
nearly  so  as  it  appears  to  be  in  the  actual  scene.  But  one  or 
two  points  of  geological  importance  have  been  overlooked 
which  should  be  mentioned  to  forestall  wrong  inferences;  one 
is,  the  omission  of  the  stratification  of  the  wall,  which  is  a 
marked  feature ;  and  another  is  the  giving  a  slight  concavity 
to  the  floor  of  the  crater  in  the  northern  or  near  part,  which 
was  not  a  fact  The  small  jets  of  vapor  over  the  bottom  arise, 
with  a  single  exception,  from  fissures  or  cavern-like  openings; 
and  such  escapes  of  vapor  are  greatly  multiplied  by  a  rain. 
The  exception  was  that  of  a  lava-lake,  about  200  feet  in  diam- 
eter, named  Judd*s  Lake  in  the  "Narrative,*'  which  was  the 

*  Copied  from  the  plate  facing  page  125,  in  the  4th  volume  of  Wilkes's 
Karrative. 
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larger  of  two  small  lakes  that  were  active  in  November,  at  the 
time  of  my  visits 

1.  Before  the  Erupt[ON  of  1823. — The  condition  of 
Kilauea  prior  to  the  eruption  of  1823  is  known  only  from 
statements  in  the  "Journal  of  the  Deputation  of  the  Mission" 
(la),  or  .the  "Narrative'*  (B),  and  in  a  letter  of  Rev.  Joseph 


1.  "  The  south  end  of  Kilauea."    Sketched  by  W.  Ellis. 

Goodrich  (Via),  both  made  after  the  Visit  of  August  23,  and 
based  on  evidence,  seen  by  each  of  the  party,  that  a  high-level 


2.  "  The  southwest  end  of  Kilauea."     W.  EUis^  del. 

mark  existed  in  a  '*  black  ledge,"  as  it  was  then  called,  running 
like  a  terrace-plain  around  the  interior,  some  hundreds  of  feet 
above  the  bottom.     "  It  was  evident,"  says  the  Journal,  **  that 
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the  crater  had  been  recently  filled  with  lavas  up  to  the  black 
ledge;*'  and  Mr.  Goodrich  remarks  that  "the  black  ledge  was 
made  by  the  crater's  being  filled  to  th^at  level"  (Via).  This 
conclusion  was  evidently  derived  from  the  features  of  the 
ledge ;  for  this  was  the  first  visit  of  foreigners.  Still  they  may 
have  had  a  hint  from  the  islanders,  one  of  whom  in  1826,  told 
the  Bev.  Mr.  Bishop  that  ''after  rising  a  little  higher  the  lava 
would  discharge  itself  toward  the  sea  as  formerly  by  an  under- 
ground way.*'  I  introduce  here  (fig.  1)  an  outline  copy  of  the 
plate  in  the  Journal  (La),  and  also  (fig.  2)  of  that  in  the  Narra- 
tive (16),  both  reduced.  They  corroborate  one  another  in  all 
the  main  points,  though  having  difierences  due  either  to  cor- 
rections in  England/or  to  changes  suggested  by  Mr.  Ellis.  The 
black  ledge  borders  the  lower  pit  around,  as  in  1840,  but  is 
very  narrow. 

The  eruption  probably  took  place  between  the  preceding 
months  of  March  and  June.  At  ronahohoa  in  Kapapala,  they 
saw  (la,  p.  117^  a  large  sunken  area,  50  feet  deep,  fissured  in 
all  directions,  besides  steaming  chasms,  and  ejections  of  fresh 
lava,  which  they  were  told  by  the  natives  of  the  place  were 
made  by  Pele  two  moons  before;  and  by  natives  of  Keara- 
komo,  five  moons  before  (p.  151).  It  is  added :  "  Perhaps  the 
body  of  the  lava  that  had  filled  Kilauea  up  to  the  black  ledge  " 
"had  been. drawn  off  by  this  subterranean  channel."* 

2.  After  the  Eruption  op  1823.  a.  Size  of  Hie  Oraier. — 
The  discharge,  wherever  it  took  place,  was  followed  in  the 
crater  by  a  down  plunge  of  part  of  the  floor,  giving  Kilauea  its 
lower  pit  and  **  black  ledge.  The  depth  of  the  lower  pit  was 
estimated  by  the  Mission  party  at  300  or  100  feet ;  and  tne  total 
depth  of  the  crater,  700  to  800,  making  the  former  nearly  or 
quite  half  the  latter.  Mr.  Goodrich,  who  was  at  the  crater  with 
the  party,  and  three  times  afterward  before  April,  1825,  esti- 
mated the  whole  depth  at  over  1000  feet,  and  that  of  the  lower 
pit  at  500  (Via),  the  latter  again  half  the  former. 

•  Lieut.  Maiden,  E.  N.,  of  the  Blonde  (V,  p.  184)  made  a  map 
of  the  crater  (of  which  the  following  is  a  copy  reduced  one- 
third),f  and'  measured  the  height  of  the  high  northwest  wall 
above  the  black  ledge.  He  states,  in  a  note  to  Lord  Byron*s 
work,  that  he  obtained  by  triangulation,  8209  feet  for  the  dis- 
tance across  from  the  "  Hut,"  the  place  of  encampment,  to  the 

♦  It  is  a  favoring  fact  that  Mr.  David  Douglas  in  January,  1834,  had  informa- 
tion from  the  natives  that  in  1822  there  was  a  great  discharge  in  the  Kapapala 
direction  (1X6,  p.  170).  The  same  region  was  fissured  and  had  its  small  ejections 
of  lava  at  the  eruption  of  Kilauea  in  1868,  and  probably  a  large  outflow  off  the 
coast 

t  This  copy  has  the  lettering  of  the  original,  excepting  the  title,  which  is  "  A 
plan  of  the  Yolcano  Pell  in  the  island  of  Owhyhee,  by  Lieut.  Maiden,  R.N.,  1826 ;" 
also  the  east  half  of  Kilauea  Ikl  is  omitted. 
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highest  part  of  the  western  wall,  a  point  numbered  7  on  his 
map,  which  is,  in  all  probability,  Kamohbalii  of  Mr.  Dodge's 
map  (Plate  II  of  this  volume),  and  5°  55'  for  the  angle  sub- 
tended by  the  wall  between  its  summit  and  the  black  ledge ; 
and  that  he  thus  made  the  height  of  the  wall,  932  feet.  There 
is  here  a  slip,  for  the  data  give  851  in  place  of  932.  The  most 
recent  survey   makes  that  distance  8750  feet,  using  which 


ftEFERE270ES  < 
U  Crater  ia  action  Lord  Bjroo  and  -j^ 

partj^ent  to.  * 
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S-  Crater  broke  out  Jiine  29. 
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6..  A  deep  fissure. 
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number  in  the  calculation  we  get  907  for  the  height  of  the 
wall.  It  is  therefore  probable  that  900  feet  is  not  far  from 
right. 

Lieut.  Maiden  estimated  the  depth  of  the  lower  pit  at  400 
feet  (and  Dam  pier's  sketch  beyond  accords  with  this);  but  he 
saw  it  only  from  above  (illness  preventing  his  descent),  and 
more  than  two  years  after  the  eruption.  The  observers  of 
August,  1823,  and  Eev.  Mr.  Stewart  in  1825,  made  it  nearly 
or  quite  half  of  the  total  depth  (giving  for  the  total  1700  or 
1800),  and  this  is  assumed  by  Mr.  Goodrich  in  his  later  letters. 

All  accounts  and  pictures,  together  with  Lieut.  Maiden's  map, 
make  the  black  ledge  narrow.  The  plates  from  Ellis's  sketch 
in  the  "Journal"  and  "Narrative"  (p.  438)  make  the  eastern 
side  of  it  the  broader;  but  the  part  shown  is  really  the  south- 
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eastern,  toward  the  sulphur  banks ;  and  there  Eev.  E.  Loomis, 
in  June,  1824,  found  it  by  measurement  to  be . "  nearly  fif- 
teen rods"  wide.*  Lord  Byron,  on  his  descent  into  the  pit, 
went  from  the  northeast  to  the  northwest  side,  and  says: 
the  width  (referring  probably  to  the  north  side)  varies  from 
four  or  five  feet  to  upwards  of  twenty.     The  annexed  sketch, 


.V^,. 


4.  Kilauea.    Brawn  by  R.  Dampier. 

which  is  a  copy  (reduced  one-third)  of  the  plate  by  E.  Dampier, 
making  the  frontispiece  to  Lord  Byron *s  "Voyage"  (V),  has 
the  ledge  very  narrow.f  It  is  not  quite  certain  what  part  of  the 
crater  the  view  represents.     Mts.   lioa  and  Kea  are  in   the 

*  Memoir  of  Wm.  T.  Brigham,  p.  407. 

f  The  plate  in  Ellis's  Polynesian  Researches  makes  the  breadth  about  the  same 
on  the  two  sides,  as  the  following  outline  copy  (reduced  a  sixth)  shows ;  but,  as 


FalaUd  by  E.  Hoinird. 


Sketched  bv  W.  Ellli. 


5.  The  Volcano  of  Kilauea,  in  Hawaii. 

has  been  explained  (p.  436)  it  has  little  value  as  to  details.  In  the  relative 
depths,  however,  of  the  lower  pit  and  upper  portion  it  agrees  better  with  the 
several  descriptions  than  the  other  plates. 
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distance  and  the  chief  seat  of  fires  is  to  the  left,  and  by  com- 
paring with  Lieut  Maiden's  map  and  Drayton's  plates  the 
position  required  for  such  a  view  can  be  ascertained.  Rev.  C. 
o.  Stewart  describes  the  ledge  as  in  some  places  many  rods, 
in  others  a  few  feet  wide.  Mr.  Goodrich  (Via),  after  having 
measured  the  whole  length  of  one  side,  remarks  that  "it  is  like 
a  stair,  although  it  is  half  a  mile  wide  some  part  of  the  way  " — 
which  part  he  does  not  say. 

On  the  *22d  of  December,  1824,  Mr,  Goodrich  (Via),  with 
Mr.  Chamberlain  (VIII),  measured  the  circumference  of  Kilauea 
at  the  top  with  a  line,  and  made  it  7i  miles;  which  is  the 
length  it  has  on  Mr.  Dodge's  nr^ap,  the  scale  of  which  is  500 
feet  to  the  inch.  They  measured  the  crater  also  on  the  black 
ledge,  going  half  way  around  it  and  estimating  for  the  rest, 
and  obtained,  as  the  result,  5^  miles  for  the  circumference  of 
the  lower  pit,  which  I  find  to  be  probably  nearly  right. 

b.  Condition  of  the  crater  after  the  eruption. — The  "  Journal " 
(la)  says,  on  page  131,  "  the  southwest  and  northern  parts  of 
the  crater  were  one  vast  flood  of  liquid  fire,  in  a  state  of  terrific 
ebullition."  "  Fifty-one  craters,  of  varied  form  and  size,  rose 
like  so  many  conical  islands,  from  the  surface  of  the  burning 
lake.  Twenty-two  constantly  emitted  columns  of  gray  smoke 
or  pyramids  of  brilliant  flame  [lava-jets?],  and  many  of  them 
at  the  same  time  vomited  from  their  ignited  mouths  streams  of 
florid  lava  which  rolled  in  blazing  torrents  down  their  black, 
indented  sides  into  the  boiling  mass  below."  In  a  night  scene,* 
p.  136,  ''  the  agitated  mass  of  liquid  lava,  like  a  flood  of  metal, 
raged  with  tumultuous  whirl,"  and  *^  at  frequent  intervals  shat 
up,  with  loudest  detonations,  spherical  masses  of  fusing  lava  or 
bright  ignited  stones  "* 

Descending  to  the  black  ledge  (Journal,  p.  144)  they  "  entered 
several  small  craters,"  "  bearing  marks  of  verv  recent  fusion," 
"  and  many  which  from  the  top  had  appeared  insignificant  as 
mole-hills  "  proved  to  be  "  12  or  20  feet  high."  They  also  col- 
lected the  "hair  of  Pele,"  and  afterwards  found  it  seven  miles 
south  of  the  crater,  "  where  it  had  been  wafted  by  the  winds." 

*  The  plate  in  the  '*  Journal "  of  the  **  south  end  "  represents  "  one  "  continuous 
area  of  lavas  in  "tumultuous  whirl,"  in  accord  with  the  text,  and  that  in  the 
"  Narrative"  is  similar,  but  with  more  extravagant  whirls,  for  they  are  hundreds 
of  feet  in  diameter,  aud  even  the  black  ledge  is  covered  by  them.  The  engraver 
has  apparently  tried  to  conform  to  the  description.  In  the  plate  of  the  Polynesian 
Researches,  the  liquid  surface  is  confined  to  the  great  Soul^  Lake,  and  a  separate 
large  area  (or  two  of  them),  and  nothing  of  the  '•  tumultuous  whirl "  is  repre.sented, 
althoui^h  the  expression  remains  in  the  text  (p.  245).  It  seems  probable  from  the 
description  that  the  party  saw  only  ^*  one  "  great  lake,  that  of  ihe  South  end,  and 
that  great  overflowings  sent  streams  far  northward.  The  height  of  the  throw  of 
stones  (see  plates)  is  evidently  an  exaggeration,  as  it  is  inconsistent  with  the  con- 
dition of  "  ebullition  "  at  the  time,  and  with  all  that  has  been  said  of  Kilauea 
since.    The  text  says  "  shot  up,"  but  does  not  say  how  high. 
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Mr.  Ellis  argues  from  the  "conical  islands"  (16,  p.  226,  and 
II,  iv,  p.  287)  that  the  boiling  caldron  of*  melted  lava  "was 
comparatively  shallow,"  implying  that  the  cones  stood  on  the 
solia  bottom  of  the  lake.  He  also  noticed  that  the  walls  of 
Kilauea  were  "composed  of  different  strata  of  ancient  lava." 

On  page  144,  the  Journal  (la),  after  ilescribing  long,  covered, 
tunnel-like  chambers  occupying  the  emptied  interiors  of  lava 
streams,  the  upper  surface  rippled,  the  ropf  "  hung  with  red 
and  brown  stalactitic  lava,"  and  "  the  bottom  one  continued 
glassy  stream,"  says  that  they  followed  one  such  covered  way 
"  to  the  edge  of  the  precipice  that  bounds  the  great  crater,  and 
looked  over  the  fearful  steep  down  which  the  fiery  cascade  had 
rushed,  the  fall  "several  hundred  feet"  The  plate  in  the 
"Journal "(p.  438)  represents  rudely  such  a  stream  descend- 
ing the  west  wall  (like  that  of  1832,  on  the  opposite  side  of  the 
crater);  but  it  is  strangelv  (perhaps  becayse  badly  drawn) 
omitted  from  the  plate  in  the  "Narrative." 

Mr.  Goodrich's  letter  on  April,  1825  (Via),  does  not  dis- 
tinguish the  events  of  his  first  tour  visits.  He  observes  that  in 
February,  1825,  he  counted  twelve  places  where  the  lava  was 
red  hot,  and  three  or  four  where  it  was  "  spouting  up  lava  30 
or  40  feet ";  and  mentions  the  escape  of  vapors  in  many 
places,  making  "a  tremendous  roaring."  On  December  22, 
1824,  a  crater  opened  in  the  bottom  where  the  lavas  boiled  like 
a  fountain,  with  jets  40  to  50  feet  high,  and  flowed  off  50  or  60 
rods. 

Lord  Byron's  "Voyage"  states  (p.  184)  that  on  June  30th, 
1826,  "fifty  cones  of  various  height  appeared  below,"  at  least 
"  one-half  of  these  in  activity" ;  and  Mr.  E.  Dampier's  sketch 
represents  such  a  scene.  Lieut.  Maiden's  map  makes  the  cones 
fewer  and  very  broad,  unlike  the  descriptions;  crater  No.  5 
(p.  440)  is  probably  Halema'uma*u,  for  the  distance  from  the 
hut  IS  right  for  it,  and  if  so  the  part  "  concealed  by  smoke  " 
was  of  much  less  extent  than  was  supposed  by  the  party. 

Rev.  0.  S.  Stewart,  who  was  with  tne  party  from  the  Blonde, 
makes  the  same  statement  (III)  as  to  the  number  of  "conical 
craters,"  and  the  position  of  tne  great  seat  of  action  in  the  south- 
west He  describes  (p.  298)  the  black  ledge  as  covered  with  tor- 
tuous streams  of  shining  lava  bearing  "incontestible  evidence 
of  once  having  been  the  level  of  the  fiery  flood,"  and  adds  that 
"  a  subduction  of  lava  "  had  "  sunk  the  abyss  many  hundreds  of 
feet  to  its  present  depth."  A  cone  on  the  bottom,  visited  by 
the  party,  spoken  of  as  "  one  of  the  largest,"  "  whose  laborious 
action  "  bad  attracted  attention  during  the  night  (p.  304  and 
No.  1  on  the  map),  was  judged  to  be  150  feet  high  "a  huge, 
irregularly  shapen,  inverted  funnel  of  lava,  covered  with  clefts 
and  orifices,  from  which  bodies  of  steam  escaped  with  deafen- 
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ing  explosions,  while  pale  flames,  ashes,  stones  and  lava  were 
propelled  with  equal  force  and  noise  from  its  ragged  yawning 
mouth."  The  following  night,  crater  No.  3  (Maiden's  map) 
became  suddenly  eruptive,  and  a  lake  of  fire  (No.  4?),  perhaps 
two  miles  in  circumference,  opened  in  the  more  distant  part. 

Mr.  Bishop,  after  a  visit,  Jan.  3,  1826,  reported  (VII)  a  simi- 
lar condition  of  the  crater  ;  and  also  the  filling  up  of  the  lower 
pit  since  August,  1823,  of  400  feet — probably'on  the  view  that 
the  original  depth  was  DOO  feet. 

It  will  be  observed  that  the  above  citations  from  Mr.  Ellis 
and  other  early  writers  on  Kilauea  contain  no  mention  of 
"  blowing  cones,"  except  what  is  implied  in  the  general  de- 
scriptions. This  is  true  of  other  later  reports,  including  that  of 
Captain  Wilkes,  who  saw  no  cone  in  action.  Further,  it  ap- 
pears that  the  blowing  described  was  done  partly  by  the  small 
cones,  and  partly tby  openings  or  oven-shaped  places  over  the 
floor  of  the  crater,  as  implied  in  the  statement  of  Mr.  Goodrich 
(p.  443),  just  as  was  true  in  1886.  They  blow  violently  because 
tney  are  small,  or  have  relatively  small  aperture's,  so  that  the 
imprisoned  vapors,  on  bursting  the  envelope  of  liquid  or  semi- 
liquid  lava,  go  out  with  a  rush  and  a  roar.  The  only  heights 
of  ejections  of  lava  mentioned^  are  30  to  40  and  50  feet ;  and 
the  heights  of  cones  12,  20,  and,  for  **  one  of  the  largest  cones," 
150  feet;  which  are  common  facts  of  later  time  down  to  the 
present.* 

The  close  correspondence  between  the  heights  and  character 
of  ejections  given  m  the  earlier  accounts,  and  those  of  recent 
vears,  is  interesting  as  proving  long-continued  uniformity  as  to 
Kind  and  quality  of  work  even  to  the  blowholes.  The  activity- 
was  however  greater  and  more  general  than  has  been  witnessed 
for  many  years.  There  are  exaggerations,  but  they  are  mostly 
confined  to  the  pictures,  and  to  some  of  the  general  descrip- 
tions. The  estimates  made  were  usually  below  the  truth,  from 
honest  caution. 

Further,  Mr.  Ellis  guards  the  reader,  as  has  been  shown, 
against  the  inference,  from  the  island-like  position  of  the  cones 
in  the  region  of  liquid  lavas,  that  they  were  floating-cones.f 

*  It  is  obvious  that  the  high-shootinfc  cone  in  the  plate  of  Ellis's  Polynesian 
Researches  (II),  blowing  to  a  height  of  700  or  800  feet  (measuring  it  by  the 
height  of  the  upper  wall),  is  the  artist's  fancy  sketch,  as  suggested  on  page  436. 
It  is  wholly  un-Kilauean  and  fundamentally  out  of  place.  Tlie  earlier  plate  from 
Mr.  Ellis's  sketch  in  the  '  Journal '  (I),  also  exaggerates,  but  only  a  third  as  much 
except  over  the  South  Lake. 

f  On  page  111  of  Captain  Dutton's  Report,  the  author  presents  the  case  diflTer- 
ently,  as  follows. — '*  The  earlier  visitors  to  Kilauea  whose  accounts  of  it  are  now 
accessible  speak  of  a  phenomenon  which  did  not  exist  at  the  time  of  my  visit  I 
refer  here  to  what  has  been  termed  *  blowing  cones '  within  the  lake.  Ellis,  in 
his  account  of  Kilauea  in  1823,  described  them  as  *  conical  inverted  funnels' 
rising  to  heights  varying  from  twenty  to  forty,  or  even  fifty  feet  above  the  surface 
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c.  Progress  in  the  filling  of  the  lower  pit — As  early  as  February, 
1826,  Mr.  Goodrich  stated,  in  view  of  the  overflows  he  had  ob- 
served, and  the  making  of  a  "  mound  "  over  60  feet  high  in  six 
weeks,  that  the  pit  had  begun  to  fill  up  (Via) ;  and  in  his  letter 
of  October  25, 1828,  (VIA)  he  made  the  pit  to  have  diminished 
in  depth  since  August,  1823,  by  300  or  400  feet.  A  year  later, 
Oct  25,  1829,  Mr.  Stewart  (VI)  described  the  lavas  as  still  200 
feet  below  the  level  of  the  black  ledge — which  implies  a  filling 
of  400  feet,  if  the  depth  in  1823  was  600  feet,  and  of  600  if  800 
feet  deep.  He  states  that  although  the  crater  was  comparative- 
ly quiet,  the  bottom  was  crossed  by  a  chain  of  lava-lakes,  one 
of  them  a  mile  wide,  throwing  up  masses  of  lava  15  to  20  feet; 
and  that  there  were  also  six  cones  in  action  in  the  lower  pit 
and  one  on  the  black  ledge.  Here  again  the  height  of  the 
ejections  mentioned  is  small.  In  October,  1830,  the  black  ledge 
was  still  distinct  (XIV,  p.  387.) 

8.  Before  the  eruption  of  1832. — ^Before  the  eruption  of 
1832,  as  Mr.  Goodrich  states,  after  a  visit  to  Kilauea  *^  about  the 
1st  of  September  "  of  that  year  (VIrf),  "  the  crater  had  been  filled 
up  to  the  black  ledge  and  about  fifty  feet  above,  about  900  feet 
in  the  whole  since  I  first  visited  it,  and  it  had  now  again  sunk 
down  to  nearly  the  same  depth  as  at  first  (in  1823),  leaving  as 
usual  a  boiling  caldron  at  the  south  end."  The  precise  time  of 
the  discharge  and  down-plunge  is  not  stated.  He  adds,  "  The 
earthquake  of  January  last  had  rent  in  twain  the  walls  of  the 
crater  on  the  east  side,  from  the  top  to  the  bottom,  producing 
seams  from  a  few  inches  to  several  yards  in  width,  from  which 
the  region  around  was  deluged  with  lava."  "The  chasms 
passed  within  a  few  yards  of  where  Mr., Stewart,  Lord  Byron, 
myself  and  others  had  slept,"  "  so  that  the  very  spot  where  I 
have  lain  quietly  many  times  is  entirely  overrun  with  lava." 
(See  map,  p.  440).  This  outflow  is  stated  by  Mr.  David 
Douglas  (1X6)  to  have  occurred  in  June,  1832.  We  may  con- 
clude, therefore,  that  the  time  of  eruption  was  probably  in 
January,  but  perhaps  in  June  of  1832 ;  certainly  before  Sep- 
tember 1832,  tne  time  of  Mr.  Qoodrich^e  visit.. 

4.  After  the  eruption. — a.  Size  of  the  crater  after  the  erup- 
tion.— As  to  the  new  depth  of  the  lower  pit,  we  have  first  Mr. 

of  the  lake,  with  openings  at  the  top  from  which  jets  of  vapor  and  sometimes 
spouts  of  lava  were  thrown  out.  As  many  as  fifty  were  seen  at  one  time  within 
the  great  lava  lake  then  existing,  and  most  of  them  were  simultaneously  active. 
The  same  phenomenon  was  described  in  1825  by  parties  from  H.  B.  M.  frigate 
Blonde.  They  were  also  observed  by  Wilkes  in  •1841,  and  have  frequently  been 
seen  within  the  last  ten  or  fifteen  years  by  many  other  visitors.  They  appear  to 
have  been  composed  of  solidified  but  very  hot  lava.  None  of  them  were  perma- 
nent, but  after  a  short  period  of  activity  ihey  were  either  melted  down,  or  shifted 
their  positions.  Ultimately,  no  doubt,  they  were  remelted.  That  they  shifted 
their  positions  is  fully  attested  by  many  observers.  Most  probably  they  were 
masses  of  solidified  lava  floating  like  bergs  in  the  lake." 
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Goodrich's  statement  above  cited,  **  the  same  depth  as  at  first," 
and  the  additional  remark  that  the  filling  amounted  to  ^^  about 
900  feet";  which  statement  would  make  the  depth  of  the  lower 
pit  after  the  eruption  of  1832  nearly  900  feet,  and  of  the  crater 
from  top  to  bottom  1750  feet.  This  estimate  of  the  original 
depth  accords  with  his  view  in  1825  that  the  upper  and  lower 
walls  were  of  nearly  equal  height,  and  that  Lieut.  Maiden's 
measurement  was  therefore  good  for  both.  There  is  no  pub- 
lished account  furnishing  data  for  correcting  this  estimate. 

By  letter  from  Mr.  W.  D.  Alexander,  Surveyor  General  of 
the  Hawaiian  Islands,  dated  March  2,  1887,  1  learn  that  his 
father,  Eev.  Wm.  C.  Alexander  (who  arrived  at  the  Sand- 
wich Islands  in  1832)  visited  the  crater  on  the  12th  of 
January,  1833,  four  months  after  Mr.  Goodrich's  visit,  and 
in  his  private  diary  gives  the  depth  of  the  crater  as  2000 
feet.  This  tends  to  confirm  Mr.  Goodrich's  numbers,  although 
only  a  rough  estimate.  He  says  nothing  of  any  black  ledge, 
except  of  that  at  the  bottom  of  the  2,000  feet ;  and  this  leads 
to  the  inference  that  the  ledge  was  quite  narrow,  as  in  1823. 

On  the  22nd  of  January,  1834,  Mr.  David  Douglas,  of  Scot- 
land (XI),  made  careful  barometric  measurements  of  the  crater, 
(all  the  details  of  which,  with  the  calculation,  are  given  in  his 
letter  to  Captain  Sabine,  1X6).  He  obtained  for  the  depth  to 
the  black  leage,  on  the  highest  northwest  side,  715  feet;  and 
to  the  bottom  of  the  lower  pit,  1,077  feet,  (mean  of  two  calcu- 
lations). This  makes  the  depth  of  the  lower  pit  at  that  date 
862  feet ;  in  addition  to  which  he  says  that  there  were  43  feet 
more  to  the  surface  of  the  liauid  lavas. 

We  thus  know  that  the  down-plunge  was  a  fact;  and  using 
as  evidence  only  the  measurements  of  Mr.  Douglas,  and  noting 
that  they  were  made  at  least  a  year  and  a  half  after  the  eruption, 
it  was  larger  both  as  to  depth  and  breadth  than  that  of  1840. 
Hence  the  eruption  of  1832 — instead  of  being  "a  very  small 
one,  only  remarkable  from  the  fact  that  the  fissure  from  which 
it  emanated  opens  at  a  level  of  more  than  400  feet  above  the 
present  lava-lakes"  with,  "so  far  as  known,"  "  no  svmpathy  " 
**  within  the  lavas  of  Kilauea  "* — was  one  of  Kilauea  s  greatest, 
although  not  registered,  so  far  as  known,  in  any  outside  stream 
of  lava. 

6.  Condition  afltr  the  eruption, — Mr.  Goodrich  describes  the 
Great  Lake  at  the  south  end  as  "  60  or  80  rods  long,  and  20  or 
30  rods  wide,"  about  20  feet  below  the  brim  ;  "  the  whole  mass 
of  liquid  and  semi-fiuid  lava  was  boiling,  foaming  and  dashing 
its  fiery  bellows  against  the  rocky  shore ;  the  mass  was  in 
motion,   running  from  north  to  south,  at  the  rate  of  two  or 

•  Report  of  Captain  Dutton,  p.  124,  referring  to  the  eruption  near  Lord  Byron's 
Hut. 
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three  miles  an  hour,  boiling  up  as  a  spring  at  one  end  and  run- 
ning to  the  other."  Mr.  Alexander,  while  in  the  crater  four 
months  later,  found  this  lake,  ^^  the  principal  furnace,  not  in 
lively  action,"  and  ascended,  much  disappointed ;  but  by  the 
time  he  had  reached  the  summit,  '*the  grand  crater  commenced 
furious  action,  spouting  with  a  roaring  sound,  streams  of  melted 
lava  far  into  the  air."  The  npxt  day  he  went  again  to  the  bot- 
tom, and  direct  to  the  great  boiling  caldron  two  and  a  half 
miles  distant,"  and  found  it  "  3000  feet  long  and  1000  feet 
wide,  tossing  its  fiery  surges  40  or  50  feet  into  the  air."  He 
went  to  the  brink  of  the  lake,  but  left  it  on  account  of  the 
fumes,  and  three  minutes  afterward  the  spot  was  covered  with 
the  lavas  of  an  overflow,  "  which,"  he  says,  **  seemed  to  pursue 
us  as  we  hastened  away."  It  is  important  to  observe  that  uni- 
formly the  "far  into  the  air"  and  similar  expressions  in  the 
general  descriptions  of  travelers  become,  when  put  in  figures, 
not  far  from  30,  40  or  60  feet  of  actual  height. 

Mr.  Douglas,  whose  visit  was  in  1834,  reports  (XI)  that  he 
found  two  great  boiling  lakes  in  the  crater,  a  northern  819  yards 
in  diameter,  and  a  southern  1190  by  700  yards  in  area,  heart- 
shaped  in  form.  The  great  southern  lake  was  "at  times  calm 
and  level,  the  numerous  fiery-red  streaks  on  its  surface  alone 
attesting  its  state  of  ebullition,  when  again  the  red  hot  lavas 
would  dart  upwards  and  boil  with  terrific  grandeur,  spouting  to 
a  height  which  from  the  distance  at  which  I  stood  (on  the  west 
wall)  I  calculated  to  be  from  20  to  70  feet.  Close  by  stood  a 
chimney  above  40  feet  high  which  occasionally  discharged  its 
steam  as  if  all  the  steam  engines  in  the  world  were  concentrated 
in  it."  There  were  other  chimneys  over  the  bottom,  some 
active  and  others  comparatively  quiet  In  each  of  the  large 
lakes  the  lavas  had  an  apparent  movement  southward,  the 
velocity  of  which  Mr.  Douglas  measured  (by  throwing  on  a 
l)^)ck  of  lava  and  seeing  how  long  it  took  to  go  100  yards) 
making  it  nearly  SJ  miles  an  hour.* 

c.  Filling  of  the  pit  after  the  eruption  (/1832. — On  the  8th  of 

*  Mr.  Douglas's  testimony  with  tegard  to  the  Hawaiian  volcanoes  has  been 
doubted  because  of  his  incredible  account  of  what  he  saw  at  the  summit  crater  in 
a  letter  to  the  eminent  botanist,  Dr.  Hooker.  But  I  find  that  injustice  has  been 
done  him.  His  Jowmal  of  hw  visit  to  the  summit  (IXa),  evidently  written  by 
him  at  the  time  of  his  obser|Btions,  represents  the  crater  as  having  been  long 
quiet.  While  at  Honolulu,  over  three  months  later  (May  3),  he  wrote  Capt.  Sabine 
on  his  various  physical  investigations  and  barometric  measurements,  and  gave 
him  the  same  facts  as  to  the  summit  crater  that  he  has  in  his  Journal,  and 
partly  in  the  same  words.  Only  three  days  later  (May  6)  he  wrote  his  letter 
to  Dr.  Hooker — a  reasonable  letter  in  all  parts  excepting  its  description  of  the 
terrific  activity  and  immense  size  of  the  Mt.  Loa  crater.  His  words  indicate  a 
mixing  up  and  magnifying  of  what  he  had  seen  at  the  Kilauea  and  summit 
craters,  which  can  be  explained  only  on  the  ground  of  temporary  hallucination. 
Mr.  Douglas  was  an  excellent  Scotchman,  and  all  the  rest  of  his  writmgs  are 
beyond  questioning. 


Digitized  by 


Google 


448     J.  D.  Dana — History  of  the  Changes  in  Kilaiiea^ 

May,  1838,  about  six  years  after  the  eruption,  Captains  Chase 
and  Parker  were  at  Kilauea.  An  account  of  what  they  saw 
was  written  by  Mr.  E.  G.  Kelley  from  their  statements,  sub- 
mitted to  them  for  approval,  and  afterward  published  in  this 
Journal  (X),  with  a  plate  from  their  sketches,  but  redrawn  un- 
fortunately by  a  New  Haven  artist  who  evidently  had  Vesuvius 
in  his  thoughts.  An  outline  copy  is  here  introduced.  It  was 
taken  at  the  south  end  looking  northeastward,  and  has  the  Great 
South  Lake  in  the  foreground.     There  is  no  black  ledge  on  the 


■'  \       ^       ! 


Kilauea,  from  the  south  end. 

west  or  north  side ;  and  to  the  left  instead  of  a  black  ledge  there 
is  a  depressed  plain,  40  feet  below  the  general  level ;  the  part  of 
it  A  A  was  flooded  by  lavas  after  having  been  passed  over  by 
the  party.  The  crater  was  unusually  active;  there  were  26 
volcanic  cones,  20  to  60  feet  high,  eight  of  them  throwing  out 
cinders,  red  hot  lava  and  steam,  and  six  lakes  of  lava  {c\  in- 
cluding the  Great  Lake  "  occupying  more  space  than  all  the 
rest." 

Not  far  from  the  center  of  the  Great  Lake  there  was  an  island, 
I,  of  black  solid  lava  which  "  heaved  up  and  down  in  the  liquid 
mass"  and  "  rocked  like  a  ship  on  a  'stormy  sea.''  This  is 
the  first  mention  of  a  **  floating  island."  The  descending 
streams  at  B  are  described  as  streams  of  sulphur,  but  as  this  is 
not  possible  they  were  probably  lava  streams  in  part  colored 
yellow. 

The  same  year,  in  August  or  September,  Count  Strzelecki 

a^ho  later  visited  New  South  Wales),  was  at  the  crater  (XI). 
e  made  some  barometric  measurements  over  the  region,  and 
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determined  the  height  of  the  north-oortheast  wall  down  to  the 
''boiling  surface  of  igneous  matter"  to  be  600  feet,  and  makes 
no  mention  of  a  black  ledge.  He  describes  six  craters  with 
boiling  lavas,  four  of  which  were  only  8  or  4  feet  high,  a  fifth, 
40  feet,  the  sixth  150 ;  the  first  five  as  containing  12,000  square 
feet  each,  while  the  sixth — which  he  says  is  called  '*  Hau-mau- 
mau" — contained  nearly  a  million.  He  alludes  plainly  to  the 
ebullition  over  this  great  lake  in  the  expression  '^  ceaseless 
impetuosity  and  fury."  He  states  that  the  lava  sank  and  rose 
in  all  the  lakes  simultaneously ;  which  is  not  always  true.* 

On  the  16th  of  September,  1839,  Captain  John  Shepherd,  R 
N.,  visited  Kilauea  (XII).  He  speaks  of  the  black  ledge  as  "ob- 
literated,;'* of  cones  20  to  30  feet  high,  whence  issued  vapors  and 
lava  with  loud  detonations ;  of  a  lake  of  lava  toward  the  east 
side  one  mile  long  and  half  a  mile  wide  within  a  cone  100  feet 
high,  from  the  summit  of  which  he  saw  the  expanse  of  liquid 
lava  in  violent  ebullition.  He  also  mentions  that  the  lavas  had 
an  apparent  flow  from  south  to  north,  and  a^lds,  **  caused  by 
the  escape  of  elastic  fluids,  throwing  up  the  spray  in  many 
parts  30  to  40  feet." 

5.  Before  the  eruption  op  1840. — Mr.  Ooan  states  (XIII) 
**on  the  testimony  of  many  natives*'  that  in  the  latter  part  of  May, 
for  a  week  previous  to  the  eruption,  the  interior  of  Kilauea  was 
"one  great  sea  of  liquid  lavas;"  which  signifies  the  existence 
of  many  active  cones  and  boiling  lakes  over  the  bottom  and  ex- 
tensive outflows  from  the  lakes  and  from  opened  fissures.  He 
remarks,  further,  that  the  ground  about  Kilauea  so  trembled 
from  the  action  below  that  the  islanders  avoided  the  path  along 
the  verge  of  the  crater. 

There  was  indubitable  evidence  at  the  time  of  my  visit,  in 
November,  five  months  after  the  eruption,  of  a  recent  flooding 
of  the  black  ledge  witH  lavas,  in  the  tortuous  scoria-covered 
streams  of  cooled  lava  that  covered  it. 

6.  The  eruption  op  1840. — No  intelligent  observer  was 
present  at  the  eruption.  Mr.  Coan,  then  a  resident  of  Hilo, 
returned  home  from  Oahu  in  July,  and  his  first  account  of  it 
appeared  in  September  of  that  year.     He  found  that,  through 

*  Ck>uiit  Strzeleckrs  note  in  the  Hawaian  Spectator  occurs  in  the  number  for 
October,  1838,  which  number  also  states  that  he  was  visiting  various  portions  of 
the  Pacific  in  H.  B.  M.  S.  Fly.  It  differs  widely  from  the  report  in  his  own  work, 
in  making  the  area  of  the  largest  lake  300.000  square  yards,  and  those  of  the 
smaller  **  about  6,700  square  yards  each."  His  volume  is  the  later  publication, 
and  should  set  aside  the  newspaper  note.  Count  Strzelecki,  in  this  volume,  de- 
scribes the  terraces  around  the  Kilauea  crater  as  vast  platforms;  makes  the 
height  above  the  sea-level  of  the  north-northeast  side  of  Kilauea  two  paces  from 
the  edge  of  the  precipice,  4.109  feet  and  600  feet  above  the  fires  below ;  and  ob- 
serves that  this  is  950  below  the  brim  of  the  ancient  crater,  the  highest  point  of 
which  he  made  5,034  feet,  and  its  circuit  24  miles.  He  thought  he  saw  evi- 
dence that  this  greater  crater  was  formerly  brimful!  of  molten  lava. 
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the  discharge  of  lavas  and  a  consequent  down-plunge  iu  the 
crater,  there  was  again  a  lower  pit  with  a  black  ledge.  He 
fathered  factn  showing  that  the  eruption  began  on  the  30th  of 
May,  nnade  itself  apparent  at  intervals  down  the  eastern  slopes 
of  the  mountain,  finally  broke  out  as  a  stream  twelve  miled 
from  the  coast  and  flowed  into  the  sea  just  south  of  Nanawale  ; 
and  that  the  flowing  continued  for  three  weeks.  The  condi- 
tion of  the  crater  in  November,  the  time  of  my  visit,  agrees 
well  with  the  view  in  the  accompanying  Plate  (PI.  XII)  which 
was  taken  two  months  later.  The  route  to  the  seashore  was 
surveyed  by  the  officers  of  the  Expedition  in  January,  and  less 
perfectly  by  myself  in  November. 

My  failure  to  survey  the  whole  route  of  the  lavas  to  the  sea- 
coast  and  investigate  other  parts  of  Hawaii  was  in  obedience  to 
orders.  The  vessel  of  the  Expedition  to  which  I  was  attached — 
the  sloop-of-war  "  Peacock  " — was  at  the  time  already  under  sail- 
ing orders  for  hydrographic  work  in  the  equatorial  regions  of  the 
Pacific;  and,  although  the  geologist  of  the  Expedition,  I  was 
required  to  ffo  off  with  her,  away  from  the  most  important  field 
of  geological  investigation  in  the  ocean.  Only  a  week  was 
allowed  me  for  Hawaii.  I  left  the  region  of  volcanoes  with 
a  silent  protest — the  only  safe  kind — but  found  compensation 
through  work  in  another  field  ;  and  though  an  old  field  to  me,  it 
was  one  of  unexhausted  delight  and  instruction — the  coral  islands 
of  the  central  Pacific.  I  was  enabled  to  add  much  to  the  knowledge 
of  reefs,  corals  and  crustaceans  which  I  had  gathered  during  the 

f  receding  season  in  the  Paumotu,  Society,  Samoan,  Friendly  and 
'ejee  Islands,  by  excursions  and  studies  in  the  Union  Group  of 
atolls,  the  Phoenix  Group,  the  Kingsmill  or  Gilbert  islands,  and 
others.  Captain  Wilkes  had  once  (while  we  were  off  Patagonia) 
sent  me  word,  when  I  was  seeking  information  from  the  log-book 
of  his  vessel  as  to  the  winds  of  a  Cape.  Horn  gale,  that  he  had 
that  department  in  charge.  At  the  Hawaiian  Islands  it  was  made 
to  appear  that  at  his  pleasure,  he  had  the  geological  department 
also  m  charge,  although  he  knew  nothing  of  the  subject.  The 
**  Narrative,"  however,  was  intended  to  include  all  departments ; 
and  the  energetic  commander  was  never  conscious  of  incapacity 
in  any  direction. 

7.  After  the  eruption  of  1840. — Size  of  tiie  Grater, — 
Capt.  Wilkes  states,  on  page  123  of  the  4th  volume  of  the  Nar- 
rative, that  the  "  black  ledge  surrounds  it  [the  crater]  at  the 
depth  of  660  feet,  and  thence  to  the  bottom  is  884  feet ;"  and 
four  pages  beyond  :  **  the  black  ledge  is  of  various  widths,  from 
600  to  2,000  feet.''  The  black  ledge  "  was  found  [to  be]  660 
feet  below  the  rim."  The  floor  of  the  crater  "  was  afterwards 
found  to  be  384  feet  below  the  black  ledge,  making  the  whole 
depth  987  [1,044  ?]  feet  below  the  northern  rim." 
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The  observations  here  reported  were  made  in  December, 
1840,  the  party  leaving  on  the  18th  for  the  top  of  Mt  Loa. 
Other  observations  on  Kilaaea  were  made  by  Capt.  Wilkes  and 
his  officers  just  a  month  later,  in  January;  ana  these  include 
a  topographic  survey  of  the  crater  by  Capt.  Wilkes,  who  says : 
"I  measured  my  base  and  visited  all  the  stations  around  the 
crater  in  their  turn."  On  page  175  it  is  stated  that  the  obser- 
vations  of  one  of  the  officers  of  the  expedition,  Lieut.  Budd, 
made  the  depth  to  the  black  ledge  660  feet,  and  thence  to  the 
bottom  842  feet,  whence  "  the  total  depth  992  feet"  On  page 
179,  we  learn  that  Lieut.  Eld  was  instructed  to  make  the  meas* 
urement  of  the  depth,  "  as  I  was  desirous  of  proving  my  own  as 
well  as  Lieut  Budd's  observations;"  and  then  follows  the 
remairk,  "The  measurements  coincided  within  a  few  feet  of  each 
other."  Had  the  precise  numbers  obtained  by  Lieut.  Eld  been 
reported  we  might  be  able  to  remove  the  doubts  left  by  the 
varying  statements.  But  the  fact  that  Lieut  Budd's  results  are 
inserted  by  Capt  Wilkes  on  his  own  map  of  the  crater  is  a 
strong  reason  for  believing  that  the  coincidence  was  between 
the  results  obtained  by  the  two  Lieutenants. 

I  add  here  a  few  words  from  my  own  report,  on  the  surface 
about  Kilauea,  on  the  stratification  and  rock  of  the  walls  and 
the  absence  from  them  of  scoria,  and  on  the  escaping  vapors  of 
the  Great  Lake.  "The  country  around  [Kilauea]  is  slightly 
raised  above  the  general  level,  as  if  by  former  eruptions  over 
the  surface."  The  walls  "consist  of  naked  rock  in  successive 
layers"  "and  look  in  the  distance  like  cliffs  of  stratified 
limestone."  The  rock  is  a  heavy  compact  dark  gray  to  gray- 
ish black  lava  [basalt]  containing  usually  fine  grains  of  chryso- 
lite; and  no  layers  of  scoria  like  that  making  a  crust  of 
two  to  four  inches  over  the  solidified  lavas  from  the  lava-lakes, 
intervene  even  in  the  walls  of  the  lower  pit,  each  new  stream 
having  apparently  melted  the  scoria  crust  of  the  layer  it  flowed 
over.  While  the  Cooled  lava-streams  over  the  bottom  were  of 
the  smooth-surfaced  kind  [and  would  be  called  pahoehoe]  there 
was  the  important  distinction  into  streams  having  the  scoria- 
crust  just  mentioned,  and  those  having  a  solid  exterior  and  no 
separable  crust,  pointing  to  some  marked  difference  in  condi- 
tions of  origin.  "  The  vapors  rising  from  the  surface  of  the 
Great  Lake  were  quite  invisible  until  reaching  an  elevation 
where  part  became  condensed  by  heat"  (p.  179);  here  began  "a 
column  of  wreaths  and  curling  heaps"  and  upon  this  column 
"the  broad  canopy  of  clouds  above  the  pit  seemed  to  rest" 
(p.  172). 

[To  be  cdDtinued.] 
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Art.  XLV. — Special  Processes  of  Research;  by  G.  EL  GILBERT* 

[Presidential  Address  read  before  the  American  Society  of  Naturalists  at  Phila- 
delphia, December  28,  1886.] 

Mr.  President  and  Gentlemen  : — A  year  ago  your  suf- 
frages made  me  my  own  successor  in  office.  To  that  met  is  due 
our  present  relation  of  audience  and  speaker,  and  to  that  fact 
is  also  due  the  subject  of  my  discourse.  My  re-election  was  a 
phenomenon  of  so  surprising  nature  that  I  have  only  recently 
ceased  to  frame  explanatory  hypotheses.  One  theory  after 
another  was  subjected  to  such  tests  as  were  available,  and  was 
proved  to  be  untenable — until  finally  it  occurred  to  me  that  my 
address  last  year  was  not  thrown  open  to  debate,  and  that  the 
nomination  of  officers  came  soon  after  it  It  was  then  evident 
that  the  treatment  of  the  subject  of  the.  address  had  not  been 
so  clear  and  convincing  as  was  desirable,  and  that  you  had 
delicately  given  me  an  opportunity  to  supplement  it  I  em- 
brace the  opportunity. 

Our  subject  last  year  included  the  general  process  of  scien- 
tific research.*  Tonday  endeavor  will  be  made  to  illustrate  th^ 
general  process  by  a  description  of  certain  special  methods  of 
its  application. 

When  one  of  our  citizens  first  comes  into  relation  with  the 
Chinese,  he  finds  great  difficulty  in  distinguisliing  and  recog- 
nizing individuals.  This  is  not  because  marks  of  discriminar 
tion  are  wanting — the  Chinaman  from  a  different  province  has 
no  such  trouble, — it  is  merely  that  he  unconsciously  groups  to- 
gether all  the  features  of  face  and  costume  as  strange.  The 
common  features  by  their  strangeness  hold  his  attention,  and 
until  this  strangeness  has  passsd  away,  he  does  not  automat- 
ically catch  the  individual  features.  A  year  ago  we  gave 
attention  to  the  common  features  of  research  and  saw  it  as  a 
unit  If  now  we  should  attend  instead  to  the  features  of  dif- 
ference, we  would  find  an  immense  assemblage  of  individual 
operations,  devices,  and  other  details,  a  limited  number  of 
formulated  procedures  applicable  to  groups  of  special  cases, 
and  a  great  organized,  though  ever  enlarging,  system  of  research, 
in  which  each  special  procedure  assumes  its  proper  cooperative 
function.  I  shall  attempt  neither  the  enumeration  of  the  de- 
tails, nor  the  characterization  of  their  groups,  nor  the  demon- 
stration of  the  organized  system.  I  could  not  if  I  would,  and  if 
I  could,  time  would  not  permit.  What  I  shall  attempt  is  this: 
first,  to  follow  for  a  time  the  course  of  an  elaborate,  carefully 
planned   investigation   of    a  complex  subject,   analyzing  its 

*This  Journal,  vol.  xxzi,  p.  284,  April,  1886. 
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methods  by  the  way ;  and  second,  to  describe  a  special  system 
of  procedure  which,  like  the  rule  of  three,  stands  ready  to 
assist  the  student  whenever  a  suitable  occasion  arisea 

The  investigation  chosen  for  my  first  purpose  is  that  of 
thunderstorms,  as  undertaken  by  the  New  England  Meteorologi- 
cal  Society.  It  is  planned  by  the  society  in  a  broad  way  and 
has  among  its  objects  the  classification  of  the  storms  (provided 
the  discrimination  of  distinct  types  is  possible),  the  determina- 
tion of  their  mechanism,  the  discovery  of  their  causes,  and  the 
prediction  of  their  occurrence.  An  account  of  the  work,  a 
summary  of  the  first  season^s  observations,  and  an  outline  of 
the  conclusions  deduced  therefrom  have  been  published  by 
Professor  Davis.  I  have  selected  this  research  as  an  illustra- 
tion of  my  theme,  partly  because  it  belongs  to  the  living  pres- 
ent and  is  somewhat  familiar  to  most  of  my  audience,  and 
partly  because  the  methods  employed  and  the  reasons  for  their 
adoption  have  been  set  forth  by  Professor  Davis  with  excep- 
tional fullness  and  clearness.^ 

You  are  not  to  expect  an  abstract  of  his  papers,  but  only  of 
such  passages  as  are  necessary  to  an  undersianditig  of  the  gen- 
eral nature  of  the  considerations  determining,  first,  the  formu- 
lation of  the  scheme  of  observations,  and,  second,  the  methods 
of  classifying  the  observations  after  they  had  been  made.  My 
discussion  of  the  scheme  of  observations  will  be  introduce! 
by  a  general  account  of  the  factors  determining  its  principal 
features,  and  by  an  account  of  the  features  themselves,  after 
which  an  analysis  will  be  attempted  of  the  logical  relations  of 
the  two. 

The  system  of  atmospheric  phenomena  which  centers  about 
a  large  area  of  low  pressure  is  called  a  cyclonic  storm.  One  of 
these  storms  usually  has  a  diameter  of  several  hundred  miles, 
and  moves  across  the  country  so  slowly  that  an  entire  day  is 
spent  in  passing  a  single  point  Their  nature  was  discovered 
by   comparing  together  simultaneous  observations  of  atmos- 

f)herio  phenomena  made  at  numerous  stations  scattered  over  a 
arge  area ;  and  a  knowledge  of  this  character  is  utilized,  as 
you  all  know,  by  the  national  weather  bureau  in  the  prediction 
of  Htprms  and  other  weather  features  from  day  to  day.  To 
obtain  the  data  necessary  for  prediction,  observers  are  stationed 
at  a  large  number  of  points  distributed  at  intervals  throughout 
the  United  States ;  and  it  is  arranged  that  they  record  a  cer- 
tain set  of  atmospheric  phenomena  at  three  concerted  times  in 
each  24  hours.     Before  the  New  England  society  began  its 

♦  On  the  methods  of  study  of  Thunder-storms ;  by  W.  M,  Davis.  Proc.  Am. 
Acad.  Arts  and  Sci.,  vol.  xxi,  p.  336. 

Thonder-storms  in  New  England  in  the  summer  of  1885 ;  by  William  Morris 
Davis.     Proc.  Am.  Acad.  Arts  and  Sci ,  vol.  xxii,  p.  14. 
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work,  it  was  known  that  thunderstorms,  although  too  large  to 
be  fully  observed  from  a  single  station,  are  too  small  to  be  in- 
vestigated  by  means  of  so  coarse  a  mesh  of  stations  as  that  of 
the  national  weather  bureau.  A  thunderstorm  observed  at  one 
ot  these  stations  frequently  escapes  notice  at  the  other  stations 
of  the  vicinity,  while  many  of  them  occur  between  stations  and 
are  thus  entirely  omitted  from  their  records.  Tt  was  knowD 
that  the  local  phenomena  of  a  thunderstorm  are  of  compara* 
tively  brief  duration,  so  that  the  tri-daily  observations  do  not 
afford  a  complete  record  of  their  occurrence.  It  was  known 
that  some  thunderstorms  move  across  the  country,  appearing 
successively  at  different  points.  It  was  known  that  they  are 
characterized  by  electric  discharges  as  well  as  by  rain,  wind 
and  temperature  change,  and  it  was  known  that  their  occurrence 
is  more  frequent  in  summer  than  in  other  seasons  of  the  year. 
It  was  believed  or  hoped  that  some  conspicuous,  rea<lily  ob- 
served feature  of  their  transit  might  be  found  so  persisieni  and 
constant  in  its  relation  to  the  aggregation  of  phenomena  con* 
stituting  the  storm  that  it  could  be  n^cd  for  the  purpose  of 
tracing  out  the  path  and  general  form  of  the  meteor.  The 
society  was  unable  to  pay  its  observers  for  their  services,  and 
it  recognized  the  fact  that  those  who  might  voluntarily  cooper- 
ate  with  it  must  not  be  overtaxed,  or  they  would  withdraw 
their  aid. 

With  these  considerations,  and  doubtless  many  others,  in  view,, 
the  work  was  planned  and  organized.  The  initial  steps  were  the 
arrangement  of  a  system  of  stations  for  observation,  and  the 

{)reparation  of  schedules  of  phenomena  to  be  observed.  A 
arge  number  of  resident  observers  were  engaged,  so  distributed 
that  the  interspaces  between  stations  were  much  smaller  that  in 
the  system  of  the  Signal  Service.  Provision  was  made  for  ob- 
servations at  very  short  intervals  of  time  during  the  approach 
and  passage  of  thunderstorms,  but  no  record  whatever  was  re- 
quired, except  a  general  negation,  on  days  when  no  thunder- 
storms occurred.  The  work  was  restricted  to  the  summer 
months.  The  observers  were  classified  in  such  way  that  the 
greater  number  were  called  upon  to  record  but  few  features  of 
the  storm,  while  a  few  who  were  able  and  willing  to  bestow 
much  time  and  attention  were  instructed  to  make  very  full  and 
minute  records.  The  schedule  of  observations  included,  be- 
sides numerous  other  features,  a  number  of  definite  events, 
namely,  the  time  of  the  first  rainfall,  of  the  last  rainfall  and  of 
the  heaviest  rainfall,  the  time  of  the  first  thunder  heard,  and  of 
the  loudest  thunder. 

Looking  at  this  organization  for  observation  from  our  special 
point  of  view,  we  are  able  to  group  the  considerations  deter- 
mining its  details  in  four  categories.     In  the  first  place,  there 
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was  a  certain  amount  of  antecedent  knowledge  with  respect  to 
the  subject  of  investigation,  and  this  determined  a  large  portion 
of  the  scheme ;  thus  the  nearness  of  the  stations  was  dictated 
by  approximate  knowledge  of  the  size  of  the  storms  to  be  ob- 
served. In  the  second  place,  certain  hypotheses  were  enter- 
tained  in  regard  to  the  phenomena,  and  these  had  their  in- 
fluence; for  example,  it  was  tentatively  postulated  that  the 
beginning  of  rainfall  bore  such  a  con.*<tant  relation  to  the  storm 
as  a  whole  that  the  tiniing  of  it  would  afford  a  record  of  the 
progress  of  the  storm.  In  the  third  place,  analogy  with  other 
researches  had  its  influence ;  a  certtiin  resemblance  was  recog- 
nized between  thunderstorms  and  cyclonic  storms,  and  the  gen- 
eral system  of  investigation  was  modeled  upon  that  which  bad 
pn>ved  successful  in  the  study  of  the  larger  meteors.  Finally, 
numerous  features  of  the  system  were  determined  b^  what  may 
be  regarded  as  obstacles  to  observation.  The  limited  endow- 
ment of  the  investigation  was  such  an  obstacle  and  occasioned 
the  restriction  of  observation  to  a  certain  season,  the  further 
restriction  to  the  actual  period  of  storm  occurrence,  and  also 
the  classification  of  observers. 

This  classification  of  considerations  controlling  the  organiza- 
tion of  the  research  is  believed  to  bie  comprehensive,  and  appli- 
cable to  any  other  systematic  research,  but  it  will  not  serve  the 
purpose  of  dividing  into  groups  the  details  of  working  plan  to 
which  the  considerations  give  rise,  because  nearly  every 
detail  is  the  joint  product  of  considerations  falling  in  two  or 
more  categories;  and  it  should  be  observed  also  that  its 
categories  are  not  mutually  exclusive.  The  consideration  of 
obstacles— or  practical  limitations — never  occurs  alone,  but 
merely  modifies  the  procedure  indicated  by  other  considera- 
tions. The  consideratio'  of  analogy  cannot  stand  alone,  be- 
cause analo)?y  exists  only  in  virtue  of  some  knowledge  or  sup- 
posed knowledge  or  hypothesis  with  reference  to  the  nature  of 
the  subject  of  research.  And  again,  considerations  of  ante- 
cedent knowledge  and  of  hypothesis  have  no  clear  line  of 
demarcation,  for  the  practical  discrimination  of  knowledge  and 
hypothesis,  however  sharply  they  may  be  divide*!  in  thought, 
is  beset  with  insuperable  difficulties. 

Returning  to  our  illustration,  we  note  that  the  published 
plan  of  observation  includes  no  mention  of  barometric  pressure ; 
and  that  the  only  observations  touching  the  electric  condition 
of  the  atmosphere  are  those  on  lightning  and  thunder.  It  is 
easy  to  understand  that  these  omissions  are  referable  to  the 
obstacle  of  expense,  and  we  may  also  assume,  although  we 
have  no  warrant  in  the  publications  of  the  society,  that  such 
observations  will  be  made  at  some  future  stage  of  the  investiga- 
tion,   when   accumulation  of  knowledge  and   hypothesis  has 
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made  it  possible  to  develop  a  plan  whereby  a  small  number  of 
the  necessary  instruments  can  be  so  distributed  as  to  perform 
their  work  effectively  and  economically.  This  aasumption  of 
our  own  is  based  on  the  analogy  of  other  investigations,  for  it 
is  a  common  feature  of  researches  that  the  preliminary  results 
determine  the  scope  and  field  of  subsequent  observation.  A 
research  is  the  exploration  of  an  unknown  land,  and  neither 
the  route  nor  the  goal  can  be  foreseen.  The  explorer  climbs 
the  hill  before  him,  and  from  the  vantage  of  its  summit  selects 
the  most  promising  course  for  the  next  stage  of  his  journey. 

One  of  the  most  important  obstacles  Encountered  in  the  work 
of  the  society  arises  from  the  difficulty  of  making  observations 
at  a  distance  from  the  surface  of  the  earth.  A  thunderstorm 
involves  a  mass  of  air  of  very  considerable  vertical  dimension, 
and  the  ideally  complete  system  of  stations  would  include  many 
more  points  in  mid-air  than  upon  the  ground.  Observations 
from  balloons,  though  within  the  range  of  possibility,  are 
limited  by  expense  and  danger,  and  would  moreover  be  con- 
ditioned by  uncertainty  as  to  location  at  all  points  within  the 
storm  cloud.  The  society  has  thus  far  attempted  only  ter- 
restrial stations,  but  it  endeavors  by  indirect  methods  to  learn 
something  of  what  is  taking  place  at  greater  altitudes.  The 
wind  cannot  be  directly  observed  there,  but  floating  objects 
can,  and  observers  are  therefore  instructed  to  watch  the  motions 
and  observe  the  positions  of  clouds.  Temperature  and  mois- 
ture cannot  be  directly  measured,  but  advantage  is  taken  of  the 
fact  that  a  certain  combination  of  temperature  and  moisture 
produces  condensation,  so  that  the  boundary  of  a  cloud  is 
the  locus  of  a  certain  atmospheric  condition  which  is  a  joint 
function  of  temperatur^e  and  moisture.  The  conBguration  of 
the  storm  cloud  therefore  has  a  certain  value,  and  is  the  sub- 
ject of  study.  It  was  also  known  antecedently  that  as  the 
domain  of  saturation  advances  in  the  air,  the  resultant  cloud 
grows,  while  its  recession  is  characterized  by  the  dissipation  of 
the  cloud.  Observers  are  therefore  instructed  to  record  cloud 
formation  and  cloud  dissipation. 

The  preliminaries  having  been  arranged,  observations  were 
made  during  the  summer  of  1885,  and  the  records  of  observation 
were  placed  in  the  hands  of  Professor  Davis  for  the  purpose  of 
what  is  variously  called  "  reduction,"  or  **  working  up,"  or  "di- 
gestion," or  **  discussion.'*  What  he  did  was  to  classify  them  in 
various  ways,  and  observe  the  relatione*  brought  to  light  by  the 
classification.  But  before  he  made  a  classification,  it  was  neces- 
sary to  select  its  basis.  The  particulars  oif  observation  were 
numerous.  They  included  the  intensity  of  the  storm,  the  first 
thunder  heard  and  its  direction,  the  loudest  thunder  and  its 
direction,  lightning  strokes,  the  first  rain,  the  heaviest  rain,  the 
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last  rain,  the  total  rainfall,  bail,  the  temperature  of  the  air,  the 
moisture  of  ihe  air,  the  direction  of  the  wind,  the  force  of  wind, 
cloud  form,  cloud  motion,  cloud  height,  cloud  growth,  and 
cloud  dissipation ;  in  all  no  less  than  twenty  categories  of 
items,  and  each  item  connected  with  a  place  and  a  time.  The 
number  of  possible  arrangements  was  indefinitely  large.  Any 
one  of  these  particulars  might  be  assumed  as  basis  for  the 
classification  of  any  other  one ;  or  two  might  be  assumed  as 
joint  basis,  or  finally  the  basis  of  classification  might  be  some 
very  different  phenomenon,  either  occurring  at  the  same  time, 
or  F»eIonging  to  the  same  region.  From  this  bewildering  array 
of  possibilities  it  Mfas  necessary  to  make  a  selection,  and  there 
was  small  probability  that  a  random  choice  would  lead  to  a 
profitable  result.  Considering  the  selection  or  rather  the  series 
of  selections  which  he  actually  made,  we  ara  compelled  to  be- 
lieve that  they  were  not  accidentally  determined,  but  it  is 
E roper  that  I  should  admit  in  advance  that  the  considerations  I 
ave  assigned  are  chiefly  based  upon  my  own  inference,  rather 
than  his  statement. 

The  basis  of  the  first  classification  was  time,  but  this  was 
merely  a  stepping  stone  to  the  accomplishment  of  a  classifica- 
tion based  on  the  individual  storm.  It  was  known  or  postu- 
lated that  each  storm  was  so  shortlived  that  its  record  would 
be  comprised  in  a  single  day,  if  not  within  a  few  hours.  The 
reports  were  therefore  sorted  by  days,  and  then  examined  more 
closely  to  see  whether  the  storm  records  of  a  single  day  fell 
naturally  into  two  or  more  groups. 

The  next  classification  depended,  in  part  at  least,  on  the 
hypothesis  that  the  individual  storm  moves  bodily  across  the 
country.  Its  bases  were  time  and  place  jointly,  andf  its  method 
was  graphic.  Place  was  introduced  by  the  employment 
of  a  map  of  the  district ;  time  was  introduced  by  platting 
upon  this  map  certain  classes  of  data  with  reference  to  the  times 
of  their  occurrence.  By  this  classification  different  particulars 
of  observation  were  tested  as  to  their  value  in  determining  the 
bodily  motion  of  the  storm.  For  example,  there  was  marked 
upon  a  map  at  the  locality  of  each  observer's  station  the  time 
at  which  the  rain  of  the  particular  storm  began.  Then  lines 
were  drawn  connecting  points  characterized  by  the  same  time, 
or  more  precisely,  a  line  was  drawn  for  each  quarter  hour,  the 
line  being  made  to  intersect  all  points  marked  with  its  particu- 
lar time,  and  being  interpolated  among  points  marked  with 
times  a  little  earlier  and  later.  The  result  was  a  system  of 
lines  representinjg  the  position  of  the  rain  front  at  equidistant 
times  (fig.  1).  The  lines  also  showed  the  form  of  the  rain 
front,  and  their  order  served  to  indicate  its  direction  and  rate 
of  progress  across  the  district,  while  the  space  they  collectively 
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covered  marked  out  the  path  of  the  rainstorm^  When  the 
times  of  the  loudest  thunder,  and  the  times  of  certain  other 
events  of  the  storm  had  been  -similarly  tested,  a  comparison  of 
the  results  showed  that  the  observations  on  the  times  of  first 
rain  produced  the  most  orderly  system  of  lines,  and  the  rain 
front  was  therefore  selected  as  one  of  the  bases  for  the  next 
classification. 

It  will  be  observed  that  the  second  classification,  by  place 
and  time,  was  superposed  on  the  first  classification,  by  storms. 
The  third  classincation  was  likewise  superposed  on  the  first, 
but  not  on  the  second,  except  in  the  sense  that  it  used  its 
results ;  that  is  to  say,  the  third  classification  was  applied  to 
the  individual  storm,  and  substituted  new  bases  in  lieu  of  place 
and  time.  These  bases,  which  may  be  called  the  horizontal 
axes  of  the  storm,  were  the  middle  path  and  the  rain  front. 
The  classification  was  once  more  graphic,  and  was  accomplished 


'■^,a. 


Fig.  1.    Lines  of  synchronouB  rain-front|  storm  of  July  21,  1881. 

in  essentially  the  following  manner.  A  straight  line  drawn  on 
a  sheet  of  paper  represented  for  any  and  every  instant  of  the 
history  of  the  storm,  the  portion  of  the  middle  line  of  its  path 
momentarily  included  in  the  storm  area..  A  curved  line  trans- 
verse  to  this  represented  with  its  proper  form  the  line  of  first 
rain  or  the  rain-front  (fig.  2).  Then  observationlg  of  thunder, 
of  heaviest  rain,  of  temperature,  of  lightning  strokes,  etc.,  were 
platted  on  the  same  sheet,  the  position  of  each  observation  be- 
ing determined  by  measurement  from  the  axes.  Its  distance 
from  the  middle  path  axis  was  made  equal  to  its  distance  from 
that  path  on  the  map  showing  the  storm  track ;  its  distance 
from  the  rain-front  axis  was  determined  by  a  computation 
based  on  the  velocity  of  the  storm  and  the  time  elaps^  before 
or  after  the  rain-front  passed  the  same  station.  If  for  a  given 
instant  of  time  a  chart  were  prepared,  showing,  in  their  proper 
place  relations,  all  the  features  of  the  storm  observed  at  that 
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instant ;  if  similar  charts  were  prepared  for  all  other  instants  of 
the  storm's  life ;  and  if  these  were  superposed  on  each  other  so 
as  to  bring  common  features  together,  the  result  would  be  the 
same  as  by  the  process  just  described,  and  this  result  has  there- 
fore been  compared  by  Davis  with  Gblton's  photographic  over- 
printing and  aptly  called  a  "composite  portrait"  of  the  storm. 
This  composite  (of  which  my  diagram  is  a  mere  abstract)  was 
explained  and  illustrated  to  the  Society  at  its  Boston  meeting, 
and  you  will  recall  what  an  orderly  presentation  it  gave  of  the 
complex  congeries  of  phenomena.  Its  inspection  afforded  at 
once  to  the  investi&;ator  a  large  body  of  generalizations  con- 
cerning the  individual  storm  and  of  hypotheses  concerning 
thunderstorms  in  general. 

If  now  we  examine  these  three  processes  of  classification  in 
their  relations  to  each  other  and  in  relation  to  the  purposes  of 
the  investigation,  I  think  we  shall  be  able  to  perceive  the  con- 
siderations which  led  to  their  employment     One  of  the  primary 


Pio.  2. — Composite  portrait  of  thunderstorm ;  arrows  and  the  number  of  tlieir 
feathers  show  direction  and  force  of  wind.  T,  T,  observation  of  loudest  thunder. 
Straight  lines  mark  observations  on  the  width  of  rain  area. 

objects  of  the  research  was  the  determination  of  the  mechanism 
of  the  thunderstorm,  and  this  object  manifestly  required  the 
study  of  the  simultaneous  phenomena  of  the  storm.  The  first 
effort  in  classification  was  therefore  the  isolation  of  the  indi- 
vidual storm.  A  natural  second  step  would  have  been  the 
selection  of  some  moment  of  the  storm's  life  for  special  exam- 
ination, but  if  such  examination  was  attempted,  it  met  with  an 
obstacle  arising  from  the  fact  that  the  simultaneous  observations 
at  any  one  moment  were  so  few  as  to  be  quite  inadequate  to 
the  purpose.  The  analogy  of  other  investigations  suggested 
that  the  desired  result  might  be  accomplished' by  combining  the 
observations  on  the  individual  storm  without  reference  to  time 
or  place,  but  with  reference  to  some  central  feature  or  features 
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of  the  storm  itselt  In  the  case  of  cyclonic  storms  the  area  of 
lowest  pressure  has  beect  thus  used,  its  terrestrial  meridiaa 
serving  as  an  axis  of  orientation.  In  the  case  of  thunderstorms 
no  such  area  of  lowest  pressure  had  been  determined,  and  it 
was  necessary  to  select  some  other  feature  or  features  to  serve 
the  same  purpose4  The  second  classification  was  therefore 
made  as  a  means  of  overcoming  a  practical  obstacle  to  the 
accomplishment  of  the  desired  classification. 

The  preliminary  classification,  or  more  exactly  group  of  clas- 
sifications, having  been  decided  upon,  its  particular  nature  was 
determined  by  the  antecedent  knowledge  that  thunderstorms 
ordinarily  move  across  the  country,  and  by* the  hypotheses  that 
the  first  rain,  or  the  heaviest  rain,  or  the  loudest  thunder,  or 
some  other  definite  event  might  be  found  to  be  so  constant  in 
its  relation  to  the  storm  as  to  constitute  a  suitable  basis  for  the 
third  classification. 

The  change  of  basis  in  classification,  whether  it  belonged  to 
the  original  plan  of  the  investigation  or  was  devised  under  the 
stimulus  of  a  discovered  obstacle,  finds  its  analogues  not  only 
in  other  researches  but  in  other  departments  of  human  expe- 
rience. The  quarryman  who  wishes  to  overturn  a  heavy  block 
inserts  his  bar  beneath  it  wherever  it  finds  a  crevice,  even 
though  the  point  of  insertion  be  not  the  most  advantageous  for 
his  general  purpose.  Having  done  so,  he  lifts  until  there  is 
room  for  the  lever  at  the  point  of  vantage,  and  then  shifts  his 
position.  The  algebraist  by  premeditation  eliminates  from  his 
equations  all  but  one  of  the  quantities  whose  values  he  seeks, 
and  having  determined  that  one,  undertakes  with  iis  aid  the 
solution  of  one  of  the  original  or  intermediate  equations 

If  then  our  interpretations  are  correct,  the  bases  of  clasifica- 
tion,  like  the  methods  of  observation,  sprang  from  analogy  with 
other  researches,  from  previous  knowledge  of  the  subject  in 
hand,  and  from  hypotheses  in  regard  to  the  results,  and  were 
conditioned  by  obstacles. 

As  already  remarked,  the  basis  of  classification  need  not 
itself  belong  to  the  subject  under  investigation.  The  phenom- 
ena of  the  New  England  thunderstorms  may  be  compared  with 
respect  to  distribution  in  time  with  any  other  phenomena  or 
events  occurring  in  the  same  time,  or  they  may  be  compared 
with  respect  to  distribution  in  place  with  any  feature  of  their 
district.  Thus  it  is  entirely  possible  to  group  any  of  the  thun- 
derstorm phenomena  according  to  the  days  of*  the  week,  or 
with  reference  to  the  daily  records  of  marriages  in  London,  or 
the  fluctuations  of  a  mining  stock,  or  the  success  of  the  Phila- 
delphia base  ball  nine,  and  it  is  equally  possible  to  compare 
their  distribution  with  the  topographic  relief  of  the  country, 
with  the  density  of  population,  with  the  distribution  of  forests, 
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of  geologic  formation,  or  of  railroads  and  telegraph  lines. 
There  is  in  fact  no  liniit  whatever  to  the  number  of  possible 
classifications  of  this  nature,  and  as  very  few  of  them  can  yield 
other  than  negative  results,  it  is  evident  that  the  investigator 
cannot  afford  to  take  them  at  random.  Some  criterion  of  dis- 
crimination is  necessary,  and  this  he  finds  in  the  employment  of 
hypotheses.  The  only  bases  of  classification  afrording  him 
results  of  positive  value  are  the  phenomena  which  are  con- 
nected in  a  necessary  or  causative  way  with  the  phenomena 
under  investigation,  and  the  only  bases  he  can  afford  to  test  are 
those  which  hypothetically  have  such  connection.  If  he  enter- 
tains the  hypothesis  for  example  that  arboreal  vegetation  indu- 
ces precipitation,  he  will  classify  the  rainfall  with  reference  to 
the  distribution  of  forests;  and  if  he  finds  a  general  corres- 
pondence but  suspects  that  it  may  be  deceptively  produced 
through  the  influence  of  altitude  on  both  rainfall  and  forest 
preservation,  then  he  will  also  classify  both  rainfall  and  the  dis- 
tribution of  forests  with  respect  to  altitude.  If  he  entertains 
the  theory  that  the  moon  is  concerned  in  the  generation  of 
storms,  he  will  group  his  phenomena  according  to  the  phases 
of  the  moon. 

We  find  from  the  record  that  Prof.  Davis  employs  succes- 
sively two  external  bases  of  classification.  On  the  hypothesis 
that  solar  heat  is  directly  concerned  in  the  production  of  the 
storms,  he  groups  them  with  reference  to  the  hours  of  the  day, 
finding  a  well  marked  correspondence.  .On  the  hypothesis  that 
the  conditions  of  their  occurrence  are  produced  by  the  more 
general  movements  of  the  atmosphere,  he  groups  them  with 
reference  to  cyclonic  storms  traversing  the  same  district,  and 
here  again  he  finds  a  correspondence.  In  each  case  the  corres- 
pondence is  of  such  nature  as  to  suggest  other  hypotheses  and 
lead  to  other  classifications. 

In  platting  the  data  concerning  rain-front  on  the  map  of  the 
district,  and  in  the  preparation  of  the  composite  portrait  of  the 
storm  Professor  Davis  employed  what  are  called  graphic  pro- 
cesses ;  and  the  general  graphic  method  to  which  these  pro- 
cesses belong  is  of  such  importance  in  research  that  no  apology 
is  needed  for  devoting  the  remainder  of  my  time  to  its  considf- 
eration. 

It  is  a  familiar  principle  of  analytic  geometry  that  every 
equation  involving  two  variables  may,  through  a  process  of  con- 
struction, be  represented  by  a  line  on  a  plane  surface.  The 
values  of  the  two  variables  are  referred  each  to  an  axis,  or 
origin  of  distances,  and  each  pair  of  corresponding  values  de- 
termines the  position  of  a  point  The  line  drawn  through  or 
constituted  by  all  the  points  is  then  a  graphic  expression  of  the 
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equation.  It  has  many  of  the  properties  of  an  equation  and 
may  be  discussed  in  a  similar  manner. 

The  subsidiary  or  dependent  laws  deduced  algebraically  from 
the  written  equation  have  a  quantitative  definiteness  to  which 
the  platted  curve  can  aflfora  only  approximations,  but  the 
curve  yields  to  the  minds  of  most  men  a  clearer  conception  of 
the  nature  of  the  relation  of  the  two  variables  than  is  conveyed 
by  the  equation.  Its  advantage  is  that  it  appeals  to  the  eye, 
and  thus  brings  a  sense  impression  to  the  aid  of  the  imagina- 
tion. This  however  is  by  the  way,  for  the  application  of  the 
platted  curve  in  research  is  somewhat  diflFerent. 

When  the  investigator,  suspecting  that  two  phenomena  are 
mutually  related  in  a  constant  and  necessary  manner,  has  made 
a  series  of  observations  affording  him  simultaneous  quantitative 
yalues  of  the  phenomena,  there  are  open  to  him  two  general 
ways  for  the  classification  of  his  observaiions  and  the  drawing 
of  the  proper  inferencea  Pursuing  what  may  be  called  the 
written  or  mathematical  method,  he  writes  the  observed  quan- 
titative values  of  one  phenomenon  in  a  column  in  the  order  of 
their  magnitude,  and  the  corresponding  quantities  expressing 
the  other  phenomenon  in  a  parallel  column.  He  then  inspects 
the  numbers  of  the  second  column  to  see  whether  they  consti- 
tute a  series.  If  their  arrangement  is  quite  irregular,  he  infers 
that  the  two  phenomena  have  no  constant  relation ;  but  if  he 
detects  a  greater  or  less  amount  of  order  among  the  numbers, 
he  assumes  the  existenqe  of  a  law,  and  endeavors  to  ascertain 
its  nature  by  discovering  its  mathematical  expression.  He  first 
assumes  more  or  le^  arbitrarily  or  hypothetical ly  the  general 
form  of  the  equation  expressing  the  relation  of  the  phenomena, 
and  by  substituting  the  observational  values  successively  in  this 
formal  eq^uation,  he  obtains  a  number  of  numerical  equations 
from  which  a  single  one  is  deduced  by  the  method  of  least 
squares.  The  resulting  formula  expresses  the  law  connecting 
the  phenomena  with  a  degree  of  precision  which  depends  on 
the  consistency  of  the  observations  ;  and  by  another  mathemat- 
ical process  he  can  obtain  a  numerical  expression  representing 
this  degree  of  precision.  The  two  expressions  will  enable  him 
for  any  given  value  of  one  variable  or  phenomenon  to  compute 
the  corresponding  value  of  the  other,  and  also  to  compute  the 
probable  error  of  this  value. 

If  on  the  other  hand  he  employs  the  graphic  method,  his 

Erocedure  is  ordinarily  as  follows:  Upon  a  sheet  of  cross- 
arred  paper  he  assumes  the  lines  running  in  one  direction  to 
represent  equidistant  values  of  one  of  the  observed  phenomena, 
and  the  lines  running  in  the  transverse  direction  to  represent 
equidistant  values  of  the  other  phenomenon.  The  scale  assigned 
upon  the  page  to  the  numerical  values  is  unessential,  and  is 
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adjusted  purely  to  considerations  of  convenience.  Then  for 
each  pair  of  simultaneous  values  of  the  phenomena  he  finds 
the  intersection  of  the  corresponding  lines  and  marks  the  point 
with  a  dot.  If  the  value  of  either  phenomenon  falls  between 
the  numbers  represented  by  two  adjacent  lines,  the  position  of 
the  dot  is  correspondingly  interpolated.  The  relations  of  the 
dots  to  each  other  are  then  considered  by  inspection.  If  thev 
are  irregularly  scattered  over  the  sheet,  the  absence  of  a  law  is 
inferred.  If  fhey  fall  in  line,  either  accurately  or  approxi- 
mately, the 'existence  of  a  law  is  demonstrated.  In  that  case  a 
line  is  drawn  through  or  among  the  platted  points,  and  this 
line  is  an  expression  of  the  law  or  relation  sought  The  in- 
vestigator may  or  may  not  proceed  to  the  computation  of  the 
algebraic  eauation.  As  a  rule  such  procedure  is  profitable  only 
when  the  platted  points  fall  well  in  line,  for  it  is  only  then  that 
the  proper  form  of  equation  can  be  selected  with  confidence, 
and  without  a  knowledge  of  that  form  extrapolation  is  hazard- 
ous. For  purposes  of  interpolation  the  free  hand  curve  drawn 
among  the  platted  points  is  practically  as  serviceable  as  the 
algebraic  equation. 

Ordinarily,  as  in  the  employment  of  section  paper,  the  lines 
used  to  represent  numerical  values  are  straight,  parallel  and 
equidistant,  and  the  two  sets  intersect  at  right  angles,  but  none 
of  these  characters  are  essential  to  the  graphic  method.  The 
lines  may  be  curved,  they  may  converge,  their  interspaces  may 
follow  any  law  of  increase  or  decrease,  and  the  two  sets  may 
intersect  at  any  angle.  Nor  is  it  essential  that  more  than 
one  line  of  each  set  be  drawn — indeed,  in  a  large  group  of 
practical  examples  even  these  are  omitted,  the  edges  of  the 
paper  standing  for  them.  The  graphic  notation  is  thus  highlv 
elastic,  adjusting  itself  freely  to  the  convenience  of  the  investi- 
gator. 

It  is  equally  versatile  in  the  character  of  the  results  it  attains. 
Even  when  the  phenomena  do  not  practically  admit  of  algebraic 
expression,  and  no  representative  line  can  be  drawn  upon  the 
graphic  chart,  the  form  of  the  area  occupied  by  the  dots,  or 
some  other  feature  of  their  distribution  may  convey  a  meaning. 
If  one  in  ignorance  of  the  principle  of  the  psychrometer  should 
plat  upon  a  sheet  the  simultaneous  observations  with  a  dry  bulb 
thermometer  and  a  wet  bulb  thermometer,  representing  the  dry- 
bulb  readings  by  abscissas  and  the  wet-bulb  by  ordinatcs,  he 
would  find  that  the  group  of  determined  points  could  not  be 
connected  or  generalized  with  any  degree  of  approximation  by 
a  line,  but  if  the  number  of  his  observations  was  large,  he 
could  pot  fail  to  perceive  that  the  area  occupied  by  the  dots 
was  definitely  limited  above  by  a  diagonal  straight  line  passing 
through   the  poipis  of  intersection   of  the  lines  representing 
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equal  temperatures  on  the  two  thermometers.  He  would 
thence  legitimately  infer  that  the  wet  bulb  temperature  is 
never  higher  than  the  coincident  dry-bulb  temperature. 

Diagram  No.  3  is  copied  from  one  prepared  by  Professor 
Call  to  illustrate  the  relations  of  size  exhibited  by  certain  col- 
lections of  the  shell  Helisoma  trivolvis,*  The  ordinates  repre- 
sent lengths  in  millimeters,  the  abscissas,  which  have  the  same 
scale,  represent  breadths ;  each  circular  dot  shows  the  length 

and  breadth,  and  thus 
stands  for,  an  adult  in- 
dividual collected  from 
a  small  lake  in  Utah; 
each  sq&are  dot  repre- 
sents an  adult  individual 
collected  from  a  late  Qua- 
ternary deposit  in  Ne- 
vada. Now  it  is  evident 
by  inspection  that  these 
dots  do  not  form  even 
Fig.  3.— Length  and  breadth  of   Eelisoma     approximately  a  Straight 

line,  and  we  therefore  in- 
fer that  in  thfs  species  the  length  does  not  bear  a  constant  ratio 
to  the  breadth.  It  is  further  evident  that  the  area  covered  by 
the  circular  dots  is  quite  distinct  from  that  covered  by  the 
square,  and  that  it  is  farther  from  the  origin.  The  modern 
specimens  are  therefore  distinctly  larger  than  the  fossil,  and 
this  difference  is,  for  the  two  localities  in  question,  of  a  constant 
nature.  Thirdly,  each  group  of  dots  is  horizontally  elongate, 
the  distal  end  of  the  group  being  slightly — and  only  slightly — 
higher  than  the  proximal,  and  from  this  we  learn  that  at  each 
locality  the  length  is  more  constant  than  the  breadth,  variation 
of  size  being  chiefly,  though  not  entirely,  confined  to  the  lateral 
dimension.  Now  there  can  be  no  question  that  all  of  these 
results  might  have  been  obtained  by  mathematical  methods, 
provided  they  had  been  suspected  in  advance,  but  without  an- 
tecedent hypothesis  they  would  never  have  been  discovered, 
while  the  graphic  method  furnishes  the  information  without 
the  aid  of  leading  questions. 

This  example  illustrates  also  a  second  and  higner  office  of 
the  graphic  method,  for  it  essentially  involves  more  than  two 
variable  phenomena.  It  not  only  shows  the  relation  between 
the  length  and  the  breadth  of  this  shell,  but  the  variation  of 
this  relation  with  geologic  horizon.  In  the  black  dots  are  com- 
pared the  length  and  breadth  of  the  round  Helisoma  trivolvis, 
in  the  square  dots  the  corresponding  dimensions  of  the  same 

*  On  the  Quaternary  and  recent  moUusca  of  the  Great  Basin ;  by  R.  Ellsworth 
Can.    Bui.  No.  11,  U.  S.  Geol.  Survey,  PI.  Ill,  Diagram  IL 
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shell  from  the  geologic  deposit  The  two  relations  might  have 
been  exhibited  upon  separate  sheets,  but  as  they  are  relations 
between  similar  quantities,  we  can  by  employing  the  same  scale 
plat  them  upon  the  same  sheet,  and  thus  platted,  we  are  en- 
abled to  compare  them  with  each  other. 

It  is  a  general  principle  that  if  we  have  a  series  of  observa- 
tions showing  the  relations  of  phenomena  A  and  B  and  another 
series  showing  the  relations  of  A  and  C,  we  may  by  platting 
them  upon  the  same  sheet  and  employing  the  same  scale  in  the 
representation  of  the  values  of  ihecommon  phenomenon,  A, 
make  a  sort  of  comparison  between  B  and  C.  The  units  of 
measurement  for  B  and  0  may  be  of  diflferent  kinds,  and  even 
if  of  the  same  kind,  may  be  of  diflferent  orders  of  magnitude, 
and  it  is  not  ordinarily  necessary  to  establish  any  correspon- 
dence in  their  scales.  Neither  is  it  necessary  that  the  zeros  of 
their  scales  have  the  same  position. 

In  this  manner  Professor  Loomis  has  compared  the  mean 
daily  range  of  the  magnetic  declination  with  the  relative  extent 
of  dfark  spots  on  the  surface  of  the  sun  by  the  aid  of  their  com- 
mon relation  to  time  ;*  that  is  to  say,  using  time  for  his  scale 
of  abscissas  and  the  relative  extent  of  spots  as  a  scale  of  ordi- 
nates,  he  has  platted  a  curve  showing  the  relation  of  spot  ex- 
tent to  time.  Then  upon  the  same  sheet  and  with  the  same 
scale  of  abscissas  he  has  platted  a  curve  in  which  the  ordinates 
represent  the  daily  range  of  magnetic  declination.  The  second 
curve  shows  the  relation  of  magnetic  declination  to  time,  and 
the  two  curves  exhibit  to  the  eye  whatever  correspondence  or 
discordance  there  may  be  between  the  time  relation  of  the  mag- 
netic declination,  and  the  time  relation  of  the  extent  of  sun- 
spots.  Again  he  has  made  the  ordinates  represent  frequency 
of  auroral  displays,  and  has  thus  produced  a  curve  showing  the 
relation  of  auroral  frequency  to  time,  and  this  curve  he  is  able 
to  compare  with  each  of  the  others.  There  is  indeed  no  limit 
to  the  number  of  relations  which  may  be  compared  in  this  way, 
provided  only  that  one  system  of  coordinates,  either  abscissas 
or  ordinates,  remains  unchanged  in  meaning  and  scale.  Mr. 
Schott  in  his  discussion  of  the  temperatures  of  the  United 
States  has  compared  the  sun-spot  curve  with  four  curves  repre- 
senting secular  changes  of  temperature  at  as  many  stations,  the 
abscissas  representing  the  common  factor  time,  and  the  ordi- 
nates standing  for  temperatures  in  the  case  of  four  of  the 
curves,  and  for  relative  frequency  in  the  casi3  of  the  other.f 

*  This  Journal,  TIT,  vol.  v,  p.  346. 

f  Tables,  distributioD,  and  variatioiiR  of  the  atmospheric  temperature  in  the 
United  States,  etc. ;  by  Charles  A.  Schott. .  Smithsonian  Contributions.  Plate 
-facing  p.  310. 
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Looking  at  these  curves 
from  the  algebraic  stand- 
point, we  see  that  they  do 
not  correspond  to  a  single 
equation  oetween  three  or 
more  variables,  but  to  a 
groap  of  equations  with 
one  variable  in  common, 
and  with  one  other  varia- 
ble in  each  equation.  If 
we  combine  two  of  the 
equations  or  curves  in  such 
way  as  to  eliminate    the 

tommon  variable,  we  ch- 
ain an  equation  or  curve 
showing  the  relation  be- 
tween the  two  other  varia- 
bles. It  is  frequently  ad- 
vantageous to  do  this,  but 
FFia.  4.-^.  number  of  auroras.  B,  range  not  always;  and  it  is  not 
of  magnetic  declination.    ,C,  relative  extent  ordinarily  advantageous  to 

of  spots  on  the  surface  of  the  sun.  do  it  when   the  common 

variable  is  time.  I  have 
copied  in  fig.  4  a  portion  of  Professor  Loomis'  curves,  and  it  is 
evident  by  inspection  that  there  is  a  marked  correspondence 
between  the  maxima  and  minima  of  the  three  curves.  I  have 
also  combined  the  data  employed  in  the  construction  of  the 
upper  curve  (auroral  frequency)  and  the  lower  curve  (extent  of 
sun-spots)  in  such  way  as  to  eliminate  the  common  element  of 
time,  that  is  to  say,  I  have  (in  fig.  5)  platted  for  each  year  the 

relation  of  auroral  display  to  extent 
of  sun-spots,  the  ordi hates  repre- 
senting frequency  of  auroras,  the 
abscissas  the  extent  of  solar  spot- 
ting. It  would  hardly  be  suspected 
from  the  arrangement  of  these  dots 
that  the  two  pnenomena  are  in  ac- 
cord.* Looking  again  at  fig.  4,  we 
see  that  while  the  minima  of  the 
upper  curve  correspond  very  closely 
with  the  minima  of  the  lower,  the 
maxima  lie  farther  to  the  right  If 
the  phenomena  are  really  connected 
in  a  causal  way,  it  would  seem  that 
the  auroras  are  the  effect,  and  that 


Fig.  6. — Direct  comparison  o£  au- 
roras with  sun-spots. 


they  are  brought  about  by  some  chain  of  causation  involving  time. 

*  My  illustration  is  subject  to  a  qualification,  which,  though  unessential,  should 
be  stated.    In  fig.  5  each  ordinate  represents  the  number  of  auroras  obserred 
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The  next  higher  division  of  the  graphic  method  is  homol- 
ogous with  the  algebraic  ecjuation  containing  three  unknown 
quantities,  and  is  employed  m  the  discussion  of  a  phenomenon 
with  reference  to  its  simultaneous  relations  to  two  other  phe- 
nomena. If  in  an  equation  between  three  variables  we  make 
one  of  the  variables  successively  equal  to  0,  1,  2,  3,  etc,  we 
obtain  a  series  of  equations  between  the  remaining  two  varia- 
bles. Each  of  these  equations  is  the  equivalent  of  a  curve, 
and  we  may  plat  the  equivalent  curves  upon  the  same  sheet  of 
paper,  referring  them  to  the  same  coordinate  axes.  They  con- 
stitute a  system,  and  they  collectively  express,  in  connection 
with  the  other  systems  of  lines  on  the  paper,  the  original  equa- 
tion between  three  variables.  If  the  sheet  upon  which  they 
are  platted  is  ordinary  engineer's  section  paper,  then  we  may 
say  ihat  the  vertical  lines  of  the  paper  represent  equidistant 
values  of  one  variable,  the  horizontal  lines  equidistant  values 
of  a  second,  and  the  system  of  curves  equidistant  values  of  the 
third.  Definite  values  being  assigned  to  either  two  of  the 
variables,  the  corresponding  value  of  the  third  may  be  found 
by  inspection.  This  principle  is  extensively  applied  in  abridg- 
ing the  labor  of  computation  where  a  large  number  of  results 
are  to  be  derived  by  means  of  the  same  formula. 

It  is  possible  that  the  nature  of  this  system  of  curves  will  be 
more  clearly  apprehended  if  we  approach  it  by  a  route  involv- 
ing more  of  geometry  and  less  of  algebra.  An  equation  between 
three  variables  is  the  algebraic  equivalent  of  a  surface,  either 
plane  or  curved.  Let  us  think  of  such  a  surface  as  forming  the 
uneven  top  of  a  solid  body  whose  base  is  flat  and  square,  and 
whose  sides  are  vertical.  Horizontal  distances  along  the  sides 
in  one  direction  correspond  to  values  of  one  variable,  and  in 
the  transverse  direction  to  those  of  another,  while  vertical  dis- 
tances correspond  to  values  of  the  third.  Now  intersect  the 
solid  by  a  system  of  horizontal  planes,  each  one  at  a  height 
above  tne  base  determined  by  an  integral  value  of  the  third 
yariabla  Each  plane  will  cut  the  upper  surface  in  a  different 
curved  line,  and  each  of  these  lines  will  be  a  contour  of  the 
surface.  .  Now  move  all  these  lines  vertically  downward  to  the 
basal  plane,  and  there  is  formed  on  that  plane  a  contour  map  of 
the  upper  surface  of  the  solid.  This  contour  map  is  identical 
with  the  system  of  curves  obtained  through  the  algebraic  ma- 
nipulation of  the  equation.  The  relation  between  the  three 
variables  has  thus  tnree  separate  but  equivalent  expressions 

(from  a  certain  system  of  stations)  in  a  single  year.  In  fig.  4,  curye  A,  each  ordi- 
nate represents  the  mean  of  the  numbers  observed  in  three  consecutive  years. 
That  is  to  say.  Professor  Loomis  "  smoothed "  the  curve  by  a  process  making 
eadi  ordinate  an  equal  function  of  the  observations  of  the  corresponding  year, 
the  preceding  year  and  the  following  year,  while  I  employed  the  ima^justed  data 
of  observation. 
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besides  its  verbal  statement.  It  is  expressed,  by  the  equation, 
by  the  curved  surface,  and  by  the  system  of  plane  curves,  or 
the  projection  on  a  plane  of  the  contours  of  the  curved  surface. 

The  allied  process  in  the  conduct  of  research  is  as  follows  : 
Upon  a  sheet  of  paper  two  systems  of  lines  representing 
equidistant  values  of  two  variable  phenomena  are  drawn  or 
conceived  to  be  drawn.  Points  representing  observations  are 
then  added,  their  positions  with  reference  to  the  two  systems 
of  lines  being  made  to  indicate  the  quantitative  observations  of 
the  two  phenomena,  and  figures,  or  other  equivalent  notation, 
being  employed  to  indicate  the  simultaneous  quantitative 
observations  of  the  third  phenomenon.  Lines  are  then  drawn 
connecting  those  dots  which  bear  the  same  figures,  and  it  is 
arranged,  oy  the  aid  of  interpolation,  that  these  lines  represent 
equidistant  values  of  the  third  variable.  The  chart  thus  pre- 
pared shows  by  inspection  the  relations  of  the  third  phenome- 
non to  the  other  two.  The  isobars  on  our  weather  maps  are  of 
this  nature.  Space  in  two  of  its  dimensions  constitute  in  this 
case  two  of  the  variables ;  we  may  say  for  convenience  that  one 
variable  is  latitude  and  the  other  longitude.  The  third  varia- 
ble is  barometric  pressure.  The  lines  representing  meridians 
and  parallels  may  or  may  not  be  drawn  upon  the  map,  and  if 
they  are  drawn,  their  character,  as  straight  or  curved,  will  de- 
pend upon  the  nature  of  the  projection  of  the  map.  Another 
illustration  is  found  in  Davis's  rain-front  map,  (fig.  1.) 

It  will  be  convenient  to  have  distinctive  terms  for  the  line, 
corresponding  to  two  variables  and  for  the  system  of  lines  cor- 
responding to  three,  and  T  venture  to  propose  for  the  first  tte 
name  nomogram^  or  line  representing  a  law,  and  for  the  second 
isogram,  a  title  connecting  it  with  iis  familiar  examples  in  the 
isobaric,  the  isothermal  and  the  isohyetal  curves. 

Isograms  admit  of  combination  in  the  same  manner  as  nomo- 
grams, but  in  their  case  it  is  essential  that  two  of  the  variables 
be  common  to  all.  Upon  our  daily  weather  maps  the  isobars 
and  isotherms  are  both  platted  with  reference  to  latitude  and 
longitude,  and  we  are  thus  enabled  to  compare  in  a  direct  and 
simple  manner  the  areal  phenomena  of  temperaturcwith  the 
areal  phenomena  of  pressure.  The  weather  map  is  the  logical 
equivalent  of  two  equations,  each  including  three  variables,  the 
equations  agreeing  in  two  variables  and  diftering  in  a  third. 

The  general  case  of  an  equation  of  four  variables  has  not  yet 
found  graphia  expression,  although  some  special  formulae  with 
four  or  even  five  variables  have  been  reduced  to  graphic  form 
for  the  purposes  of  the  computer. 

I  am  not  aware  that  the  graphic  method  has  been  used  in  re- 
search to  express  a  relation  involving  more  than  three  inde- 
pendent variables.     In  an  investigation  by  Prof.  Thurston  into 
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the  comparative  strength  of  the  different  members  of  a  certain 
group  of  alloys,  he  has  platted  the  strength  by  means  of  an 
isogram  whose  points  are  fixed  by  three  coordinate  lines,  each 
representing  the  ratio  in  which  an  ingredient  enters  into  the 
alloy.*  But  the  ratios  of  the  three  ingredients  are  not  inde- 
pendent variables,  since  any  two  being  known,  the  third  may 
be  determined.  His  method  of  platting  employs  three  coordi- 
nate axes  arranged  in  the  form  of  an  equilateral  triangle,  but 
one  is  redundant;. the  same  result  would  be  attained  if  the 
ratio  of  one  ingredient  were  ignored  and  the  ratios  of  the  other 
two  were  referred  to  two  coordinate  axes  intersecting  at  an 
angle  of  sixty  degrees.  I  would  not  be  understood  to  criticize 
this  method  of  projection  unfavorably — it  is  a  singularly  happy 
adaptation  of  41  general  method  to  a  special  case ;  I  merely  claim 
it  as  essentially  a  normal  isogram.  It  may  be  added  that  in 
the  general  theory  of  projection  by  trilinear  coordinates  the 
redundancy  of  one  set  of  coordinates  is  recognized  by  mathe- 
maticians. 

Prof.  Davis*s  composite  portrait  (fig.  2)  is  the  rational  equiva- 
lent of  a  group  of  equations,  each  containing  three  variables, 
and  all  agreeing  in  two  variables  which  they  hold  in  common. 
It  diflfers  from  the  normal  isogram  in  that  the  lines  representing 
the  third  variables  of  the  several  equations  are  undrawn.  One 
of  the  common  variables  is  distance  from  the  middle  patli  of 
the  storm,  the  other  is  dist'mce  from  the  line  of  rain-front;  the 
remaining  variables,  which  are  severally  functions  of  these  two, 
are  the  phenomena  of  wind,  temperature,  thunder,  lightning 
stroke,  etc. 

The  composite  photograph  devised  by  Galton  also  finds  place 
here.  In  his  method  a  number  of  pictures,  over-printed  on  the 
same  sheet  of  paper,  have  two  points  in  common.  This  is. 
equivalent  to  giving  them  the  same  origin  of  coordinates,  the 
same  directions  of  coordinate  axes,  and  the  same  scale. 

There  is  also  a  type  of  graphics  bearing  the  same  relation  to 
the  isogram  that  Prof.  Call's  group  of  points  bears  to  the  nomo- 
gram. It  is  illustrated  by  charts  of  geographic  distribution  in 
which  the  data  platted  either  do  not  admit  of,  or  are  not  sub- 
jected to,  quantitative  gradation.  Of  this  nature  is  a  chart 
showing  the  positions  of  the  volcanoes  of  the  world. 

The  graphic  processes  thus  outlined  and  classified  constitute 
essentially  the  graphic  method  as  employed  in  research,  but 
there  are  numberless  details  and  devices,  having  the  general 
nature  of  short  cuts,  in  the  invention  of  which  any  one  will  be- 
come fertile  who  makes  extensive  use  of  the  general  method. 

*  The  strongest  of  the  bronzes,  a  newly  discovered  alloy  of  maximum  strength. 
By  Robert  H.  Thurston.  In  Kept.  U.  S.  Board  appointed  to  test  iron,  steel  and 
other  metals.    Vol.  ii,  p.  133. 
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For  example,  in  describing  Prof.  Davis's  preparation  of  the 
composite  portrait,  I  have  represented  him  as  computing  cer- 
tain distances  from  knowledge  of  the  corresponding  times ; 
but  in  point  of  fact  he  saved  himself  that  labor  by  a  very  sim- 
ple graphic  expedient.  The  velocity  of  the  storm  being  ap- 
proximately uniform,  distances  in  the  direction  of  motion  were 
proportional  to  times ;  and  as  distances  on  the  composite  were 
proportional  to  distances  on  the  ground,  they  were  likewise 
proportional  to  times.  He  therefore  graduated  a  time  scale  on 
a  strip  of  paper,  laid  it  on  the  composite  sheet  parallel  to  the 
storm-track  axis  and  at  the  distance  corresponding  to  a  particu- 
lar station,  slid  it  along  until  the  graduation  for  the  time  of 
first  rain  at  that  station  was  over  the  rain-front  axis,  and  then 
marked  on  the  composite  opposite  the  proper  time  graduations 
all  the  other  observations  made  at  that  station. 

Another  of  these  special  devices  it  has  fallen  in  my  own  way 
to  employ,  and  I  will  take  the  liberty  to  describe  it,  for  while 
its  field  of  application  is  narrow,  it  was  found  exceedingly  use- 
ful within  that  field.  Whether  it  is  novel,  1  am  not  informed. 
It  is  a  method  of  graphic  integration  allied  in  principle  to  the 
algebraic  process  known  as  mechanical  quadrature. 

Of  the  many  variations  to  which  the  pressure  of  the  atmos- 
phere upon  the  barometer  is  subiect,  there  is  one  having  a  daily 
period.  Early  in  the  morning  the  barometer  rises,  then  during 
the  middle  of  the  day  it  falls,  reaching  a  minimum  in  the  after- 
noon, and  there  follow  during  the  night  one  or  more  minor 
undulations.  This  oscillation  was  recognized  long  ago,  and  it 
is  the  subject  of  an  extensive  literature,  and  many  theories 
have  been  framed  to  explain  it.  One  of  these,  proposed  by 
Espy,*  appeared  to  me  so  plausible  as  well  as  simple  that  I 
undertook  some  years  ago  to  test  it.  The  theory  is  this :  Dur- 
ing the  day  the  atmosphere,  being  warmed  by  the  sun,  is  ex- 
panded and  made  to  occupy  greater  space.  Every  stratum  ex- 
cept the  lowest  is  thus  moved  upward,  and  as  the  air  is  endowed 
with  mass,  time  is  consumed  in  putting  it  in  motion.  WInle 
the  expansive  force  is  acting,  and  so  long  as  fully  equivalent 
motion  has  not  been  produced,  there  is  a  reaction  downward, 
causing  a  rise  of  the  barometer.  Conversely,  when  the  rate  of 
healing  or  the  rate  of  expansion  diminishes,  the  upward 
momentum  of  the  air  produces  the  reverse  effect,  a  defect  of 
pressure  on  the  barometer.  The  addition  to  the  normal  pres- 
sure of  the  barometer  is  greatest,  not  in  the  afternoon  when  the 
temperature  of  the  air  is  highest,  nor  yet  at  noon  when  the 
heating  of  the  air  is  most  rapid,  but  in  the  morning  when  the 
increment  to  the  rate  of  heating  is  greatest.     Now  the  momen- 

♦  Fourth  Meteorological  Report.    Foot  note  to  p.  11. 
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tary  rate  of  heating  is  the  differential  of  the  temperatare,  and 
the  momentary  increment  to  the  rate  of  heating  is  the  differ- 
ential of  the  rate  of  the  heating,  or  the  second  dififerential 
of  the    temperature.     If  then    the    variation   of    pressure    is 

Eropjortional  to  the  increment  of  the  rate  of 
eating,  it  is  also  proportional  to  the  second 
differential  of  the  temperature ;  and  an  equa- 
tion or  curve  expressing  the  law  of  the  diur- 
nal oscillation  of  pressure  should  by  a  dou- 
ble integration  yield  the  equation  or  curve  < 
expressing  the  law  of  the  diurnal  oscillation 
of  temperature.  This  being  the  theory,  I 
sought  to  test  it  by  twice  integrating  an  ex- 
pression for  the  observed  law  of  pressure 
change. 

Thinking  to  diminish  the  disturbing  effect  , 
of  local  conditions,  I  combined  for  my  test 
observations  made  at  San  Francisco  and  Gir- 
ard   College.      To   avoid    complication   from 
the  annual  variation  in  the  character  of  the 
diurnal  oscillation,  I  used  only  the  observa- 
tions for   the   equinoctial   months  of   March 
and    September.      Making   the  combination  * 
and   giving  it  graphic  expression,  there  re- 
sultedf  the  curve  shown  in  figure  6.      This 
curve  I  undertook  to  integrate,  and  wishing 
to  avoid   the  labor  of  converting  it  into  an 
equation,  I  devised  a  graphic  method  of  per- 
forming  the   operation.      It  is  evident  that, 
regarding  the  curve  as  an  equation,  the  area  , 
contained  between  any  two  of  its  ordinates  is 
the  definite  integral  beween  the  limiting  val- 
ues represented  by  the  corresponding  abscissas. 
On  cross  section  paper  it  is  easy  to  estimate  such 
an  area  by  the  counting  of  squares.     Selecting 
twenty-four  equidistant  ordinates  I  ascertained  ic 
the  definite  integrals  contained   between   the 
first  of  these  and  each  of  the  others  severally, 
and  this  gave  me  twenty-four  equidistant  val- 
ues of  the  integrated  function.     Assuming  an   i 
arbitrary  scale,  I  platted  them  as  the  ordinates 
of  the  integrated  curve,  obtaining  figure  7  as  the  result     A 
repetition  of  the  process  produced  the  curve  in  figure  8,  which, 
if  the  theory  was  correct,  should  express  the  diurnal  variation 
of  the  temperature  of  the  atmosphere.     It  has  the  general  form 
of  a  temperature  curve,  but  its  maximum  is  several  hours  later 
than  the  maxima  shown  by  the  observations  at  San  Francisco 
and  Philadelphia. 
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This  difference  appeared  to  be  susceptible  of  explanation, 
for  the  part  of  the  atmosphere  heated  most  rapidly  is  that  in 
contact  with  the  earth,  and  in  the  later  part  of  the  day  the 
lower  strata  become  so  much  warmer  than  the  upper  tnat  a 
vertical  circulation  is  produced,  whereby  cooler  air  is  brought 
down  and  the  rise  of  temperature  near  the  ground  somewhat 
checked.  Thermometric  observations  near  tbe  ground  there- 
fore fail  to  exhibit  the  variations  in  the  amount  of  heat  con- 
tained in  the  atmospheric  column  as  a  whole. 

To  escape  this  diflSculty  I  tried  to  discover  the  temperature 
of  the  air  column  as  a  joint  function  of  insolation  and  radia- 
tion. Eadiation  to  space  was  assumed  to  be  at  a  constant  rate. 
The  rate  of  heating  by  the  sun  was  assumed  to  be  propor- 
tional to  the  sine  of  the  angular  height  of  the  sun  above  the 
horizon.  On  these  postulates  the  law  of  temperature  incre- 
ment for  the  equinoctial  day  in  the  latitude  of  Philadelphia  is 
expressed  by  the  curve  in  figure  9.  Integrating  this,  I  obtained 
as  the  diurnal  law  of  temperature  variation  the  curve  in  figure 
10.  This  curve  resembles  very  closely  the  one  obtained  from 
the  curve  of  barometric  oscillation  (8),  differing  by  less  than  an 
hour  in  the  epochs  of  maximum  and  minimum.  The  theoretic 
curve  of  temperature  increment  (9)  moreover  possesses  a  gen- 
eral resemblance  to  that  derived  by  one  integration  from  the 
barometric  curve  (7). 

If  no  other  test  had  been  possible,  I  should  have  regarded 
the  hypothesis  as  well  sustained,  but  unfortunately  for  it  there 
are  widely  different  types  of  barometric  oscillation  in  different 
parts  of  the  world,  and  when  the  same  integration  was  applied 
to  curvfes  of  other  types,  the  results  were  lound  to  have  little 
or  no  resemblance  to  temperature  curves.  I  was  compelled 
therefore  to  believe  that  either  the  theory  or  the  method  of 
testing  it  was  inadequate;  and  I  may  add  that  I  have  since 
satisfied  myself  by  independent  reasoning  that  the  relation  of 
the  temperature  oscillation  to  the  pressure  oscillation  is  less 
simple  tnan  the  one  suggested  by  Espy. 

I  have  pursued  the  subject  farther  than  was  warranted  by  its 
use  in  illustration  of  graphic  metl.od,  and  I  have  done  this  for 
the  sake  of  a  moral,  with  which  I  will  close.  The  sun  is  the 
creator  of  the  day.  By  alternately  giving  and  withholding  his 
light  and  heat  he  brings  to  pass  an  infinite  series  of  events 
which  agree  in  having  a  diurnal  period  of  wax  and  wane. 
Were  we  to  ascertain  the  quantitative  elements  in  these  cycles 
of  events,  and  picture  them  by  curves,  it  is  to  be  anticipated 
that  these  curves,  representing  as  ihey  would  a  series  of  func- 
tions of  the  same  periodic  flux,  would  include  a  large  number 
of  close  coincidences.  For  this  reason  the  test  I  applied, 
though  by  no  means  a  waste  of  energy,  could  not  by  itself 
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demonstrate  the  assumed  dependence  of  pressure  on  tempera- 
tnre.  The  pressure  and  temperature  cycles,  belonging  both  to 
the  diurnal  family  of  the  sun,  might  perhaps  trace  tneir  rela- 
tionship to  their  common  ancestor  through  separate  lines  of 
descent  and  neither  acknowledge  the  other  as  parent.  It  is 
unsafe  to  infer  because  two  currents  have  a  common  rhythm 
that  one  has  borrowed  it  from  the  other ;  it  is  always  possible 
that  they  flow  by  independent  courses  from  a  common  source. 


Art.  XHVI.— Geology  of  the  Rainy  Lake  Region^  with  remarks 
on  the  classification  of  the  Crystalline  Rocks  west  of  Lake  Supe- 
rior,    Preliminary  note ;  by  Andrew  C.  Lawson. 

In  the  Rainy  Lake  Region  there  can  be  distinguished  five 
groups  of  rock  formations  which  are  geologically  distinct  from 
one  another.  The  petrographical  characters  of  each  group  are 
peculiar  to  itself  to  a  great  degree ;  so  that  a  scheme  of  classifi- 
cation which  takes  into  account  only  those  conditions  of  mu- 
tual relationship,  as  observed  in  the  field,  that  serve  to  dis- 
tinguish the  different  groups  with  respect  to  their  stratigraphical 
position,  age  and' genesis  is  at  the  same  time  probably  the  best 
that  could  be  adopted  for  considering  systematically  the  purely 
petrographical  characters  of  the  rocks  of  this  field  by  laboratory 
methods.  The  rocks  comprised  in  the  first  of  these  groups  may  be 
arranged  in  the  following  scheme  in  which  Rosenbusch's  nom- 
enclature is  employed  for  the  non-foliated  varieties.  With 
r^ard  to  the  foliated  varieties  it  will  be  observed  that  the 
word  "  gneiss  "  is  used  simply  with  reference  to  the  structure 
of  the  rock  independently  of  its  mineral  composition. 

Type.  Non-Foliated.  Foliated.  Teztare. 

Granite,       |  G«*  itlte""*'  ( Gramte-gneise.  [  ^*^Z5S!^'*' 

(quartzose).  (  Amphibole  Granite.    Amphibole-granite-gneiss.     )  ™ 


Syenite, 
(quartz  ab-^ 
sent  or  only 
sparingly 
present). 


Hornblende  syenite.  Homblende-syenite-gneisB.  ]      Usually  very 

coarse  grained  and 
Mica  syenite.  Mica-syenite-gneiss. 


^  Augite  syenite.         Augite-syenite-gneiss. 


m  micaceous  van- 
ties  of  porphyritic 
aspect. 


The  rocks  classified  thus  under  two  main  types,  the  granitic 
and  thesyenitic,  cannot  as  yet  be  separated  in  the  field  in  such 
a  way  as  to  afford  a  definite  suggestion  as  to  their  mutual 
geological  relations.  Geographically  it  is  frequently  possible 
to  map  off  the  quartzose,  usually  finer  grained  :  rocks  included 
in  the  two  parallel  series  of  the  granitic  type  from  the  very 
slightly  quartzose,   coarse-grained  members    of  the    syenitic 
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type.  But  what  this  geographical  separation  means,  whether 
tne  one  is  earlier  or  later  than,  above  or  below,  the  other,  or 
what  other  geognostical  relation  exists  between  them,  either  in 
space  or  in  time,  the  meagre  amount  of  field  work  that  has  yet 
been  done,  relatively  to  the  magnitude  of  the  units  with  which 
we  have  to  deal,  leaves  still  an  unsettled  question.  Such  feeble 
suggestions  of  possible  relations  as  have  been  received  will  be 
set  forth  in  another  place. 

The  granites  and  the  foliated  rocks  of  similar  composition  and 
habit,  which  are  classed  with  them  in  parallel  series,  are  gen- 
etically the  same,  the  latter  owing  their  distinctive  characters 
to  a  diflferentiation  in  structure  due  to  the  influence  of  certain 
conditions  affecting  portions  of  a  more  or  less  homogeneous 
magmatic  mass  at  the  time  of  its  solidification.  The  field  evi- 
dence establishing  the  common  genesis  of  the  granite  and 
gneiss  is  so  strong  that  there  is  no  room  for  doubt  in  the  mat- 
ter to  one  who  has  carefully  studied  their  occurrence  in  natura 
It  is  of  course  possible  for  geologists  who  are  wedded  to 
extreme  metamorphic  views  to  regard  these  rocks,  even  grant- 
ing their  sometime  magmatic  condition,  as  fused  sedimentary 
strata ;  and  they  are  at  perfect  liberty  to  do  so,  but  so  far  as 
evidence  goes  the  supposition  is  purely  gratuitous  and  cannot 
in  the  absence  of  facts  to  support  it  be  entertainted  as  a  very 
probable  hypothesis.  The  evidence  in  favor  of  such  a  supposi- 
tion is,  so  far  as  can  be  gathered  from  a  study  of  the  region 
under  consideration,  very  speculative.  What  is  said  of  the 
granites  and  granite  gneisses  is  also  true  of  the  syenites  and  their 
foliated  varieties.  The  identity  and  igneous  origin  of  the 
foliated  and  non-foliated  series  is  shown  by  (1)  the  direct  trace- 
able passage  from  the  granitic  to  the  gneissic  phase  in  a  rock 
mass  which  must  be  regarded  as  a  geological  unit ;  (2)  by  the 
identical  nature  of  their  contact  relations  to  other  series  of 
rocks  to  be jnentioned,  viz:  the  igneous,  brecciated  nature  of 
the  contact,  the  gneiss  or  granite  holding  angular  fragments  of 
the  rock  through  which  it  breaks,  and  sending  apophyses  into 
it,  which,  where  the  rock  is  gneissic  are  often  aistinctly  foli- 
ated ;  (3)  the  identity,  as  revealed  by  the  microscope,  of  the  min- 
eral composition  and  structure  of  two  varieties  of  the  same 
mass. 

This  group  of  crystalline  rocks,  granites  and  syenites,  foli- 
ated and  non-foliated,  forms  the  floor  of  the  region  upon  which 
rest  all  other  formations  that  are  not  in  the  condition  of  dykes 
or  intrusive  bosses.  Regarded  as  a  geological  system  of  rocks 
it  occupies  an  apparently  paradoxical  and  anomalous  place  in 
any  scheme  of  classification.  As  the  floor  ot  basis  upon  which 
the  geological  column  of  stratiform  rocks  rests  it  must  be 
regarded  as  the  first  or  fundamental  system  of  rocks  of  which 
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we  have  any  cognizance.  If,  however,  we  inquire  as  to  the 
age  of  these  rocks  we  are  forced  by  the  direct  application  of 
the  simplest  principles  of  geological  science  to  look  upon  them 
as  of  later  age  than  certain  of  the  series  which  overlie  them. 
We  do  not  yet  know  tteir  original  condition  prior  to  the  fusion 
from  which  they  solidified  into  granites,  syenites  and  gneisses. 
They  may  have  been  sedimentary ;  they  may  have  been  the 
original  crust  of  the  earth.  The  abstract  speculations  that  are 
so  often  indulged  in  on  this  and  similar  questions  have  not 
decided  the  facts  of  the  matter.  There  is  as  yet  ng  sufficient 
ground  for  a  just  opinion  upon  it.  But  whatever  may  have 
been  that  original  condition  the  evidence  is  clear  on  this  point, 
viz:  that  the  fusion  and  solidification,  whereby  they  were 
brought  into  their  present  condition  as  firm  crystalline  rocks, 
took  place  at  a  period  subsequent  to  the  existence,  in  a  hard, 
brittle  condition,  of  the  stratiform  and  often  very  distinctly 
clastic  rocks  which  occupy  a  higher  place  in  the  column. 
Therefore,  as  rocks,  the  members  of  this  fundamental  system 
are  of  younger  age  than  that  of  the  nearest  overlying  forma- 
tions. An  analogous  case  with  which  every  geologist  is 
familiar  is  that  of  dykes.  These  are  of  younger  aM  than  the 
strata  they  cut,  although  the  main  mass,  of  which  they  are 
merely  the  apophyses,  is  far  inferior  to  those  strata  and  may 
form  the  base  upon  which  they  rest.  These  apparently  para- 
doxical but  naturally  auite  consistent  attributes  of  absolute  infe- 
riority of  position  with  reference  to  all  observable  stratiform 
systems  or  series,  and  an  age  younger  than  part  of  the  latter, 
places  a  classification  of  these  Archaean  formations  based  on 
age  at  variance  with  that  which  has  reference  to  stratigraphical 
position.  This  is  not  usual  in  geology,  except  in  the  case  of 
intrusive  sheets  of  trap,  and  raises  the  question  of  which 
method  should  be  adopted.  The  classification  according  to 
age  is  the  usual  one,  but  although  this  is  facilitated  in  the  post- 
Arch»an  formations  by  a  knowledge  of  the  laws  governing 
the  distribution  in  time  of  organic  forms,  it  is  primarily  based 
upon  the  relative  position  of  strata.  The  most  prominent  idea 
associated  with  these  granites  and  syenites  ana  their  gneissic 
modifications  is  their  basal  or  fundamental  relation  to  all  strati- 
form rocks.  The  formations  of  the  region  are,  therefore,  con- 
sidered in  their  natural  ascending  order,  in  so  far  as  they  are 
stratiform,  while  dykes  and  intrusive  bosses  are  taken  in  order 
of  their  age. 

The  group  of*  rocks  comprised  in  the  table  given  above  is 
designated  geologically  as  the  Laurentian  System  in  accord- 
ance with  the  practice  in  vogue  among  geologists  of  so  naming 
the  lowest  well-defined  system  of  crystalline  rocks  which  is 
clearly  separable  from  overlying  strata.     It  is  not  intended  by 
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the  use  of  this  term  to  imply  that  the  rocks  are  necessarily  of  ' 
the  same  age  as  those  described  as  the  typical  Laurentian  by 
Logan,  or  as  those  named  Laurentian  in  any  other  part  of  the 
world.  For  it  is  manifestly  at  variance  with  scientinc  methods 
to  definitely  correlate,  with  reference  to  age,  rocks  in  which 
there  are  no  criteria  for  comparison  other  than  their  petro- 
graphical  characters.  That  the  rocks  considered  have  passed 
through  a  period  of  fusion  and  solidification  is  a  palpable  fact 
in  the  Rainy  Lake  Region,  and  will  probably  be  also  estab- 
lished beyond  question  m  other  regions  when  they  come  to  be 
carefully  studied.* 

But  to  assume  that  the  period  of  solidification,  which  defines 
the  age  of  the  rock,  was  the  same  the  world  over,  is  as  yet  un- 
warranted. If  prior  to  fusion  the  material  was  in  form  of  strati- 
form sediments,  these  may  have  been  of  many  diflFerent  ages, 
and  may  have  been  fused  in  dififerent  parts  of  the  earth  at  very 
diverse  periods  anterior  to  the  deposition  of  fossiliferous  strata. 
If  it  constituted,  prior  to  fusion,  the  first  formed  crust  of  the 
fflobe,  the  period  of  fusion  might,  as  before,  be  very  different  in 
different  regions  before  the  advent  of  life  upon  the  surface  of 
the  earth.  The  loose  way  in  which  the  term  Laurentian  is 
used  is  convenient  in  the  present  state  of  science,  but  let  it  be 
clearly  understood — as  it  is  not  generally — that  the  usage  is 
different  from  that  familiar  in  the  fossiliferous  formations.  It 
is  in  this  loose  sense — the  strictest  permissible  in  the  present 
state  of  science — that  these  rocks  are  referred  to  the  Laurentian. 

Superimposed  upon  the  rocks  thus  referred  to  the  Laurentian 
system,  the  splendid  exposures  of  the  shores  of  Rainy  Lake 
reveal  as  the  next  geological  group  a  thick  series  of  very  dis- 
tinctly stratiform  mica  schists  arid  fine  grained,  gray,  evenly 
bedded,  often  garnetiferous,  very  quartzose  granulitic-gneisses. 
The  use  of  the  same  term  "gneiss''  both  for  the  foliated  modi- 
fications of  granites  and  syenites  which  are  clearly  of  igneous 
origin,  and  for  bedded  rocks  of  similar  composition  to  the  gran- 
ites, but  whose  natural  history  has  evidently  been  very  differ- 
ent, is  very  confusing.  The  lack  of  distinction  in  terms  has 
been  fruitful  of  much  error.  The  term  gneiss  is  coming  more 
and  more  to  be  used  by  geologists  to  describe  a  certain  phase  of 
structure  independent  of  composition.  The  fine-grained  bed- 
ded gneisses  often  have  the  character  of  granuliies  when  exam- 

*  Wadsworth  has  already  called  attention  to  the  fact  that  the  foliated  granite 
of  the  Marquette  district,  described  by  Brooks  and  other  j^eolbgista  as  Laurentian, 
is  of  more  recent  age  than  the  rocks  there  referred  to  the  Huronian  and  the 
intrusive  nature  of  the  contact  is  described.  Vide  Notes  on  the  Geology  of  the 
Iron  and  Copper  Districts  of  Lake  Superior,  Bull.  Mus.  Comp.  Zool.,  Harvard,  1880, 
p.  52  et  seq.,  p.  70  et  seq.  The  work  was  not  known  to  me  when  I  described  tiie 
Contact  of  the  Laurentian  and  Keewatin  of  the  Lake  of  the  Woods,  Annual  Report, 
Geol.  Survey  of  Canada,  1885. 
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ined  under  the  microscope,  and  the  term  "  granulite-gneiss  " 
might  be  useful  as  a  distinguishing  term  if  the  granulitic 
character  can  by  more  extensive  study  be  shown  to  Be  a  com- 
mon one.  For  the  present  it  will  be  used  provisionally  as  one 
that  suggests  the  contrast  that  exists  between  them  and  the 
granite- gneisses. 

This  thick  series  of  mica  schists  and  granulitic  gneisses  at- 
tains its  greatest  development  so  far  as  has  yet  been  observed 
in  the  southern  part  of  Rainy  Lake,  where  its  thickness  in  con* 
tinuous  exposure,  with  the  strata  at  low  angles  which  preclude 
the  idea  of  reversed  dips,  can  be  measured  for  a  thickness  of 
over  two  miles  in  a  low  anticlinal.  The  series  is  for  conven- 
ience designated  the  Coutchiching  series,  from  the  Coutchich- 
ing  Rapids  at  the  head  of  Rainy  River  where  the  rocks  are  first 
met  with  on  entering  Rainy  Lake  from  the  west.  They  are 
very  sharply  and  distinctly  marked  off  from  the  lower  granites 
and  gneisses  of  the  Laurentian. .  The  geological  contact  be- 
tween  the  Coutchiching  series  and  the  Laurentian  system  is  one 
of  neither  conformity  nor  unconformity.  The  break  is  of  an 
entirely  different  order,  and  the  contact  is  eminently  that  of  an 
igneous  injection  or  intrusion  of  the  lower  through  the  upper 
rocks.  This  series  appears  to  thin  out  rapidly  toward  the 
north,  and  on  the  north  shores  of  the  southern  part  of  Rainy 
Lake,  in  tjie  neighborhood  of  Seine,  Swell,  Red-gut  and  Rocky 
Islet  Bays,  and  on  the  islands  of  the  lake,  it  is  seen  to  form  a 
trough  in  which  lies  folded  another  higher  series  of  entirely 
diflferent  characters.  The  rocks  comprising  it  are  for  the  most 
part  of  volcanic  origin.  They  are  chiefly  black-green,  com- 
pact, hornblende  schists  ;  softer,  less  compact,  and  more  fissile 
green  schists  in  which  hornblende  is  the  prevailing  constituent, 
but  with  chlorite,  calcite,  epidote  and  other  decomposition  min- 
erals well  represented  in  them  ;  and,  in  intimate  association 
with  these  schists  and  interbedded  with  them,  great  sheets  of 
*ttap*  comprising  uralitic  diabases  and  gabbros  (often  called 
diontes)  and  other  massive  altered  basic  volcanic  rocks  of  less 
determinate  characters.  These  altered  traps  are  sometimes 
quite,  massive  and  sometimes  schistose  to  a  varying  extent,  in 
which  case  the  crushed  or  stretched  condition  of  the  rock  is  so 
clearly  displayed  in  microscopic  sections  as  to  leave  no  doubt 
that  the  schistosity  is  due  to  pressure  and  to  stretching  or  pull- 
ing forces  upon  the  rock  after  the  assumption  of  a  firm  crystal- 
line condition.  When  the  crushing  has  been  excessive  the 
original  character  is  often  almost  or  completely  obliterated,  par- 
ticularly as  the  comminution  of  the  rock  under  such  forces  is  ac- 
-companied  by  the  development  of  secondary  minerals  like 
quartz,  calcite,  epidote,  zoisite,  chlorite  and  albite.  Included 
also  in  this  series  are  dark  green,  very  fissile  glossy  schists 
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holding  water-worn  pebbles;  green  volcanic  breccias;  finer 
textured  clastic  rocks  or  ^graywackes*;  sericitic  schistose  quartz- 
porphyries  and  regular  porphyroids;  and  soft,  fissile,  nearly 
always  much  decomposed  bydromicaceous  schists  with  whicn 
are  associated  yellowish  dolomitic  segregations. 

The  breccias,  graywackes  and  hydromica  schists  are  more 
commonly  met  with  in  the  northern  part  of  the  Rainy  Lake 
Begion  than  on  Rainy  Lake  itself.  This  group  of  rocks  is  the 
same  as  a  large  portion  of  the  series  described  in  my  report  on 
the  Lake  of  the  Woods  Region  as  the  Keewatin  series,  and  in  the 
northern  part  of  the  Rainy  Lake  Region  can  be  traced  in  direct 
continuity  with  that  series.  They  will  therefore  be  referred  to 
as  the  Keewatin  series  of  rocks.  Concerning  the  geological  re- 
lations of  the  Coutchiching  and  Keewatin  series  it  is  not  possi- 
ble to  make  any  sweeping  statement  as  to  their  conformity  or 
unconformity.  The  Coutchiching  rocks  do  not  appear  to  have 
been  at  all  disturbed  prior  to  the  deposition  of  the  Keewatin, 
and  the  parallelism  oi  the  strike  and  dip  of  the  strata  or  beds 
of  the  two  series  is  often  seen  to  be  perfect.  But  as  Geikie 
points  out  the  geological  conformity  or  unconformity  of  two 
sets  of  strata  implies  a  broader  question  than  the  mere  relations 
in  space  of  their  contiguous  portions.  Strata  which  are  in  close 
contact  and  show  at  certain  places  perfect  parallelism  may 
sometimes  be  separated  by  agea  The  appearance  of  parallel- 
ism is  often  simulated  by  pressure  and  folding  so  that  it  is  not 
always  a  criterion  of  continuity  of  geological  history.  The 
very  diverse  character  of  the  two  series/  the  Coutchiching  and 
the  Keewatin,  is  proof  of  a  profound  alteration  in  the  condi- 
tions of  rock  formation,  which  implies  a  geological  break, 
though  it  does  not  indicate  its  duration.  The  Coutchiching 
series  is  seen  occasionally  to  be  cut  by  intrusions  of  a  certain 
character  which  have  not  been  detected  traversing  the  Kee- 
watin rocks.  These  may  possibly  be  instances  of  vents  from 
which  the  traps  of  the  Keewatin  series  were  extravasated.  In 
the  northern  part  of  the  Rainy  Lake  Region  the  Keewatin 
series  comes  into  direct  contact  with  the  Laurentian  without 
the  intervention  of  the  Coutchiching  series,  and  the  conditions 
of  contact  are  those  which  have  been  described  as  obtaining  in 
the  Lake  of  the  Woods  Region.  The  contact  of  the  horn- 
blende schists  and  altered  traps  with  the  Laurentian  rocks  is  of 
the  same  igneous  or  brecciated  character  as  that  observed  on 
the  Rainy  Lake  between  the  Coutchiching  and  the  Laurentian, 
the  direct  inference  being,  of  course,  that  the  Laurentian  rocks 
are  of  more  recent  age  as  such  than  either  the^outcbiching  or 
Keewatin,  although  stratigraphically  they  are  inferior  to  both. 

Of  later  age  than  Laurentian,  Keewatin  or  Coutchiching  is  a 
system  of  dykes  and  bosses  of  red  granite,  in  which  there  has 
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never  been  detected  the  slightest  tendency  to  gneissic  foliation. 
This  granite  is  found  cutting  the  Laurentian  gneiss  in  sharply 
defined  but  irregular  dykes  in  certain  parts  of  the  region,  par- 
ticularly in  the  Northwest  Bay  of  Rainy  Lake.  These  dykes 
are  very  frequently  associated  with  "veins"  of  pegmatite. 
Where  exposures  are  few  and  isolated  there  is  danger  of  con- 
fusing these  granites  with  the  older  granites  of  the  Laurentian ; 
where  the  country  is  well  uncovered,  however,  the  different  re- 
lationships of  the  two  are  quite  apparent 

Of  still  later  age  is  a  system  of  strong,  well-defined  dykes  of 
diabase  cutting  the  Laurentian,  Coutcbiching  and  Keewatin 
rocks  and  the  post-Laurentian  granites.  These,  wherever  ob- 
served in  various  parts  of  the  region  have  a  strike  of  N.W.  to 
N.N.W.  Their  width  is  generally  from  60  to  150  ft,  and  they 
are  sometimes  traceable  for  miles.  These  dykes  have  been 
studied  microscopically,  as  have  all  the  chief  types  of  rocks 
occurring  throughout  the  region,  and  some  interesting  features 
have  been  brought  to  light  concerning  them  which  will  be 
found  described  elsewhere.  Besides  these  dykes  there  occurs 
between  Seine  River  and  Turtle  Lake,  east  of  Rainy  Lake,  a 
somewhat  extensive  mass  or  boss  of  very  coarse  grained  saus- 
surite  gabbro,  concerning  the  age  of  which  it  is  only  known  that 
it  cuts  the  Keewatin  rocKS,  and  is  therefore  younger  than  them. 
It  is  not  improbable  that  it  is  of  synchronous  origin  with  the 
diabase  dykes,  possibly  the  plutonic  facies  of  the  same  rock. 
These  later  diabases  and  gabbro  have  an  interesting  possible  or 
problematic  relationship  to  the  trap  flows  which  form  so  large 
a  part  of  the  Animikie  and  Keweenawan  series. 

The  rocks  of  the  region  or  their  equivalents  appear  in  their 
eastward  geographical  distribution  in  the  neighborhood  of  Lake 
Superior  to  pass  in  a  folded  state  under  the  fiat  lying  beds  of 
the  Animikie  series,  the  contact  being  one  of  marked  uncon- 
formity. The  Animikie  is,  according  to  the  prolonged  and 
valuable  researches  of  Prof.  R.  D.  Irving,  of  the  United  States 
Geological  Survey,  the  geological  equivalent  of  the  typical 
Huronian  of  Logan.*  The  Animikie  or  Huronian  is,  accord- 
ing to  the  same  eminent  authority,!  distinct  from  and  underlies 
the  Keweenawan  (Nipigon).  Hence  the  classification  of  the 
various  geological  systems  or  series  of  rocks  in  the  country 
west  of  Lake  Superior,  so  far  as  our  present  knowledge  goes,  is 
with  reference  to  their  place  in  the  ideal  geological  column,  as 
follows : 

Keweenawan  (^Nipigon). 

Huronian  (Animiki^. 

Keewatin. 

♦  Monograph  V,  IJDited  States  Geol.  Surely,  pp.  36T-386,  p.  390. 
f  Op.  cit.,  pp.  ibid. 
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Ooatchiohing. 
Laarentian. 

With  reference  to  their  age,  as  follows  : 
Keweenawan  ^Nipigon). 
Huronian  (Animikie). 

Diabase  dykes  and  gabbro. 

Granite,  post-Laurentian. 
Laarentian. 
Keewatin. 
Coutchiching. 
Petrographical  Laboratory,  Johns  Hopkins  UnivBraity,  March,  1887. 


Art.  XLVII. — Identity  of  the  Phoiosalts  of  Silver  toith  the 
Material  of  the  Latent  Photographic  Image;  by  M.  Cabey 
Lea,  Philadelphia. 

In  the  first  part  of  this  paper  I  described  certain  strongly 
colored  forms  of  silver  chloride,  bromide  and  iodide,  obtained 
independently  of  any  action  of  light,  for  which  I  proposed  the 
name  of  photosalts,  by  reason  of  their  identity  with  the  pro- 
ducts of  the  action  of  light  on  the  normal  silver  haloids ;  both 
with  the  substance  of  the  latent  image  itself  and  also  with  the 

{)rincipal  results  of  the  continued  action  of  light  on  these  ha- 
oids.     It  remains  to  prove  this  identity. 

First  as  to  identity  with  the  product  of  the  continued  action 
of  light. 

If  we  expose  silver  chloride  precipitated  with  excess  of  HCI 
to  light,  we  get  a  deep  purple  black  substance  which  boiled 
with  dilute  nitric  acid  gives  up  a  little  silver,  at  the  same  time 
somewhat  lightening  in  color  and  forming  a  dull  purple  ma- 
terial which  closely  resembles  some  of  the  forms  of  photo- 
chloride  described  in  the  first  part  of  this  paper,  most  those  pro- 
duced by  the  action  of  sodic  hypochlorite  or  of  ferric  chloride 
on  metallic  silver :  it  shows  the  same  reactions  with  ammonia 
that  they  do.  The  brighter  colored  photochlorides  are  not 
formed  by  the  action  of  light  on  silver  cnloride. 

But  these  brighter  colored  chlorides  can  also  be  shown  to 
be  formed  through  the  action  of  light  Most  salts  of  silver 
darken  by  exposure,  and  when  these  dark  products  are  treated, 
first  with  HOI,  and  then  after  thorough  washing,  are  boiled 
with  dilute  nitric  acid,  we  can  obtain  results  perhaps  as  varied 
as  those  which  I  described  in  the  former  part  of  this  paper  as 
arising  from  purely  chemical  action. 

Silver  oxalate  exposed  for  two  days  to  sunshine,  covered  with 
water  and  with  frequent  agitation,  changed  to  a  deep  brownish 
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black  which  by  treatment  with  HCI  became  a  little  lighter. 
When  this  product  was  washed  and  boiled  with  strong  nitric 
acid,  it  acquired  a  fine  deep  copper  red  color,  the  acid  taking 
up  silver.  This  red  substance  dissolved  in  ammonia  readily, 
leaving  a  small  amount  of  black  residue ;  the  same  with  sodium 
hyposulphite. 

(This  examination,  made  a  year  ago,  has  recently  been  repeated 
with  a  vjew  to  obtaining  a  Quantitative  determination  of  the 
proportion  of  Ag,01  containea  in  the  red  product.  The  expo- 
sure was  for  about  a  day,  the  oxalate  at  the  end  of  the  exposure 
seemed  absolutely  black.  After  treatment  with  HCI  it  assumed 
a  purple  black  shade.  After  thorough  washing  and  boiling 
with  dilute  nitric  acid,  which  removed  a  large  quantity  of  sil- 
ver, perhaps  12  or  15  per  cent  of  the  entire  quantity,  it  had 
a  fine  lilac  purple  color.  Analysis  showed  that  it  contained 
about  one-half  of  one  per  cent  of  subchloride,  or  more  exactly, 
0*45  per  cent  Ag^Cl  was  found). 

The  red  chloride  thus  obtained  from  silver  oxalate,  not  only 
closely  resembles  the  red  chloride  obtained  by  means  exclu- 
sively chemical,  but  shows  the  same  behavior  to  reagents. 

Treated  with  ammonia  it  dissolves  leaving  a  black  residue. 
The  formation  of  this  residue  takes  place  precisely  in  the  same 
manner  with  both  substances.  As  fast  as  the  material  dissolves 
ihe  liquid  becomes  clouded  and  an  extremely  fine  black  sub- 
stance seems  to  form  within  it,  which  gradually  falls  to  the 
bottom. 

Treated  with  solutions  of  the  alkaline  haloids,  the  red  chlo- 
ride derived  from  exposed  silver  oxalate  remains  unchanged 
after  24  hours  contact  with  potassic  chloride  and  becomes  paler 
and  more  lilac  under  potassic  bromide ;  under  potassic  iodide 
becomes  gray.  These  reactions  correspond  with  those  of  the 
photochloride. 

Silver  phosphate  belongs  to  the  more  sensitive  silver  salts  and 
easily  darkens  in  sunlight.  In  a  few  hours  it  becomes  greenish 
all  throujzh,  after  which  further  exp'osure  produces  little  visible 
effect.  T?his  product  becomes  with  HOI  quickly  gray,  and  by 
tr^tment  with  nitric  acid  after  washing,  light  pink. 

Silver  tartrate  by  exposure  to  sun  became  quite  black.  With 
HCI  this  changed  to  reddish  gray  or  dull  pink.  This  product 
well  washed  and  let  stand  with  cold  nitric  acid  1*36  became 
first  lavender  and  then  light  pink. 

Silver  carbonate  by  prolonged  exposure  became  greenish 
black,  and  with  the  above  treatment  yielded  a  dull  pink 
photochloride. 

Silver  pyrophosphate  even  by  several  days*  exposure  to  win- 
ter sun  did  not  blacken,  but  assumed  an  ochreous  or  buflf  shade. 
With  HCI  this  passed  to  a  sort  of  salmon  pink  and  by  heating 
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a  few  minutes  with  dilute  nitric  acid,  to  a  beautiful  copper 
shade. 

Silver  acetate  was  singularly  little  affected  by  sunlight,  it 
looked  blackish,  but  on  closer  inspection  was  found  to  be  very 
little  altered.  By  the  same  treatment  as  above  it  yielded  a  pale 
pink  photochloride. 

So  far  as  examined,  all  silver  salts  thus  treated  yielded  pink 
or  red  phoUxjhloride. 

These  facts  may  serve  to  show  the  identity  of  the  photochio* 
ride  with  the  principal  product  of  the  continued  action  of  light 
on  silver  chloride  and  on  other  salts  of  silver,  subsequently  con- 
verted into  chloride.  I  should  wish,  however,  to  use  this  word 
identity  in  a  somewhat  limited  sense.  When  the  photochlorides 
are  formed  by  different  methods  without  the  aid  of  light  hardly 
any  two  forms  can  be*  considered  absolutely  identical :  they 
differ  in  color  and  in  proportion  of  subchloride,  as  already  often 
mentioned,  but  they  also  differ  in  other  respects,  especially  in 
resistance  to  reagents.  Some  forms  are  far  naore  easily  de- 
stroyed by  nitric  acid:  those  obtained  by  the  action  of  sodium 
hypophosphite  (as  presently  to  be  described)  are  amongst  the 
most  easily  destroyed  by  nitric  acid.  There  is  variation,  too, 
in  the  degree  of  their  resistance  to  ammonia. 

Very  similar  differences  are  found  in  the  stability  of  the  pho- 
tochlorides obtained  by  the  action  of  light:  some  are  much 
more  readily  attacked  by  nitric  acid  than  others.  The  product 
obtained  by  the  action  of  light  on  silver  chloride  resists  ammo- 
nia more  strongly  than  that  obtained  by  the  action  of  HGl  on 
exposed  silver  oxalate.  This  last  is  quickly  attacked.  Gener- 
ally, I  think  the  dark  colore*!  forms  are  the  most  siable. 

At  a  future  time  it  may  perhaps  be  possible  to  distinguish 
more  exactly  between  these  varieties. 

I  next  pass  to  the  consideration  of  the  identitv  existing  be- 
tween the  photosalts  and  the  material  of  the  fatent  image. 
Before  entering,  however,  *  on  that  matter,  it  is  necessary  to 
describe  a  reaction  leading  to  the  formation  of  these  photosalts, 
somewhat  differing  from  the  reactions  already  mentioned,  and 
which  has  important  bearing  on  the  subject. 

The  remarkable  action  which  an  alkaline  hypophosphite  ex- 
erts on  salts  of  copper  was  described  many  years  ago  by  M. 
Wurtz.  Its  action  on  silver  salts,  though  there  is  no  parallel- 
ism between  the  two,  has  enabled  me  tofind  a  key  to  some 
of  the  great  difficulties  of  the  latent  image. 

A  dilute  solution  of  sodium  hypophosphite  if  poured  over  a 
mass  of  chloride,  bromide  or  iodide  of  silver  formed  in  the 
absence  of  light,  produces  no  visible  effect,  but  has  the  property 
of  bringing  those  substances  into  the  condition  in  which  they 
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exist  in  the  latent  image.  Applied  in  strong  solution  and  with 
thQ  aid  of  heat,  it  produces  brown  purple  photochloride,  bromide 
and  iodide  of  silver.  I  will  here  briefly  describe  the  first  of 
these  compounds  in  order  to  continue  the  series  of  photo- 
chlorides,  and  then  pass  to  the  consideration  of  the  latent 
image. 

Photochloride  of  Silver  by  Sodium  Sypophosphite. 

Silver  chloride  freshly  precipitated  with  excess  of  HCl  and 
well  washed,  placed  in  a  flask  with  a  strong  solution  of  sodium 
hypophosphite  and  heat  applied  begins  to  darken  before  the 
boiling  point  is  reached.  Actual  boiling  for  ten  or  fifteen  min- 
utes gives  a  deep  chocolate  color.  This  product  well  washed 
and  freed  from  traces  of  metallic  silver  by  cautious  boiling 
with  very  dilute  nitric  acid  has  a  pink,  red  or  brown  color  vary- 
ing in  intensity  according  to  the  length  of  the  action.  Some- 
times a  lavender  shade  is  produced,  and  this  is  more  apt  to  be 
the  case  when  the  silver  chloride  has  been  precipitated  with  ex- 
cess of  silver  nitrate  instead  of  excess -of  HCl. 

Silver  determinations  of  two  specimens  of  the  purified  pro- 
duct were  made,  indicating  the  presence  in  one  specimen  of- 
1*77  per  cent  of  subchloride,  in  the  other  of  3'63. 

By  the  continued  action  of  heat  for  many  hours  a  complete 
reduction  to  metallic  silver  takes  place. 

Photochloride  obtained  in  this  way  has  generally  a  brown  or 
dull  purple  color.  Boiled  with  nitric  acid  it  is  apt  to  break  up 
in  as  many  minutes  as  some  other  forms  would  require  hours 
for  decomposition,  yielding  white  chloride,  whilst  the  nitric 
acid  takes  up  small  quantities  of  silver. 

Identity  of    Photosalts  with    the    Material  of  the 
Latent  Image. 

It  is  proposed  here  to  show  : 

1st.  That  in  the  entire  absence  of  light,  sodium  hypophos- 
phite is  able  to  affect  a  sensitive  film  of  silver  haloid  exactly  in 
the  same  way  as  does  light,  producing  d^  result  equivalent  to  a 
latent  image  formed  by  light  and  capable  of  development  in  the 
same  way  as  an  actual  impression  of  light 

2d.  That  these  twa effects,  the  impression  produced  by  hypo- 
phosphite  and  that  by  light,  comport  themselves  to  reagents 
exactly  the  same  way  and  seem  every  way  identical. 

8d.  That  the  image  produced  by  hypophosphite  on  silver 
chloride  always  gives  rise  to  a  positive  development,  but  on  sil- 
ver bromide  may  give  rise  either  to  a  direct  or  to  a  reverse 
image,  both  of  these  effects  corresponding  exojctly  with  those  of  light. 
More  than  this,  sodium  hypophosphite  may  be  made  to  reverse 
the  image  produced  by  light  on  silver  bromide  and  conversely 
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light  may  be  made  to  reverse  the  action  of  hypophosphite.  So 
exact  a  correspondence  in  these  remarkable  properties  can 
scarcely  be  fortuitous. 

I. 

A  silver  haloid  formed  in  the  absence  of  light  and  subjected 
to  the  action  of  sodium  hypophosphite  gives  rise  to  thegraclual 
formation  of  subsalt,  which  combines  with  the  normal  salt 
in  the  manner  described  in  the  previous  part  of  this  paper. 
This  action  of  the  hypophosphite  closely  corresponds  with  that 
of  light.  In  its  initial  stages  it  is  invisible,  but  can  be  brought 
out,  in  both  cases  by  development. 

If  we  form  a  film  of  chloride,  bromide  or  iodide  of  silver  and 
with  a  glass  rod  dipped  in  solution  of  hypophosphite,  make 
marks  upon  it,  these  marks  can  with  the  utmost  ease  be  devel- 
oped in  precisely  the  same  way  as  an  image  produced  by  expo- 
sure to  light. 

A  very  simple  mode  of  operating  consists  in  imbibing  photo- 
graphic paper  with  a  solution  of  an  alkaline  haloid,  drying,  ap- 
plying a  silver  solution  and  then  thoroughly  washing,  all  of 
course  with  careful  exclusion  of  active  light.  It  the  silver  solu- 
tion is  acidulated  with  nitric  acid,  a  drop  to  the  ounce,  the 
result  is  brighter,  but  this  is  not  important.  In  any  case  the 
washing  must  be  thorough. 

Marks  made  on  this  paper  can  be  developed  with  the  oxalate 
developer  with  the  utmost  facility.  If  a  strong  solution  of 
hypophosphite  is  applied  cold,  it  may  be  washed  off  at  the  end 
of  a  minute,  but  a  stronger  impression  is  obtained  by  allowing 
it  to  wait  a  half  an  hour  before  developing.  Or  the  action  may 
be  accelerated  and  increased  in  strength  by  laying  the  freshly 
marked  paper  on  a  hot  surface,  or  better,  by  steaming  it,  before 
applying  the  developer.  A  convenient  mode  of  steaming  is  to 
lay  two  pieces  of  glass  on  a  small  water  bath  kept  boiling,  with 
a  space  between  them.  Over  this  space  the  paper  is  rested  for 
two  or  three  minutes.  Paper  prepared  with  a  solution  of  KCl, 
KBr,  or  KI,  dried  and  floated  on  acidulated  solution  of  silver 
nitrate  and  well  washed,  if  marked  with  strong  solution  of 
hypophosphite  and  steamed  for  two  or  three  minutes,  will  de- 
velop the  marks  as  black  as  ink  on  a  white  ground.  The  use 
of  heat  simply  gives  a  blacker  development,  but  a  very  vigor- 
ous image  may  be  got  without 

(A  similar  result  may  be  obtained  by  substituting  for  the 
hypophosphite  a  dilute  solution  of  potash  and  an  oxidable 
organic  substance.  With  milk  sugar  the  action  is  very  ener- 
geiic  and  heat  is  quite  superfluous). 

Both  these  are  the  initial  steps  of  reactions  which  when  pro- 
longed result  in  the  visible  formation  of  the  colored  photosalts. 
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It  is  a  matter  of  interest  that  sodium  hypophosphite  which  pro- 
duces the  above  described  effects,  has  no  developing  power 
whatever. 

II. 

The  two  impressions,  that  formed  by  light  and  that  by  hypo- 
phosphite,  are  similarly  affected  by  reagents 

As  an  example  of  this  identity  of  effect  produced  on  the  two 
impressions,  I  first  take  the  action  of  nitric  acid. 

Chloride,  bromide  and  iodide  papers  were  exposed  to  moderate 
diffuse  light  under  a  screen  with  openings,  for  a  proper  time  to 
form  a  latent  image,  the  chloride  and  bromide  for  four  or  five 
seconds,  the  iodide  for  twenty  or  twenty-five.  They  were  then 
cut  into  halves  and  one  half  of  each  was  soaked  in  strong  nitric 
acid  for  five  minutes.  These  halves  were  then  washed  for  some 
hours  and  were  developed  along  with  the  halves  not  so  treated. 
Result  was,  latent  image  on  silver  chloride  almost  if  not  quite 
uninjured ;  on  silver  bromide,  somewhat  affected  bui  still 
strong  ;  on  silver  iodide  entirely  destroyed. 

Similar  portions  of  the  same  papers  were  then  marked  with 
hypophosphite  and  were  cut  into  halves  and  one-half  was  sub- 
jected to  the  action  of  nitric  acid  in  exactly  the  same  way  as 
the  previous.  The  result  was  exactly  as  before.  The  hypo- 
phosphite marks  on  the  half  of  the  chloride  paper  that  had  been 
treated  with  acid  came  out  in  development  as  vigorously  as  on 
the  half  that  had  not  been  treated.  The  bromide  paper  showed 
the  marks  weakened  by  the  acid  but  still  strong;  on  the  iodide 
not  a  trace  appeared.  In  all  respects  the  result  was  the  same^ 
what  the  one  resisted,  the  other  resisted,  what  destroyed  the 
one  destroyed  the  other. 

Another  confirmation  is  presented  by  the  action  of  the  alka- 
line haloids  upon  the  latent  image. 

The  latent  images  produced  by  light  on  chloride,  bromide 
and  iodide  of  silver  were  all  treated  with  cold  and  moderately 
strong  solutions  of  potassic  chloride,  bromide  and  iodide  for 
half  an  hour,  and  were  then  subjected  to  development.  It  was 
found  that  all  three  silver  salts  bore  the  action  of  potassic  chlo- 
ride and  bromide  fairly  well,  the  images  were  somewhat  weak- 
ened but  strong  developments  were  obtained  without  difficulty. 
But  when  potassic  iodide  was  applied  the  latent  image  was 
totally  destroyed. 

The  visible  effect  of  the  alkaline  haloids  on  the  photosalts 
exactly  corresponds  with  their  action  on  the  latent  image. 
Potassic  chloride  and  bromide,  applied  in  moderately  strong 
solution  and  cold  have  little  effect,  but  potassic  iodide  quickly 
destroys  them. 

Therefore  the  action  as  well  of  nitric  acid  as  of  KCl,  KBr  and 
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EI  is  exactly  the  same  on  the  latent  image  impressed  by  light 
on  AgOl,  AgBr  and  Agl  as  it  is  on  the  corresponding  photo- 
salts. 

III. 

The  impressions  produced  by  alkaline  hypophosphite  upon 
silver  chloride  always  give  rise  to  direct  images,  darker  than 
the  ground  on  which  they  are  formed.  The  same  substance 
produces  an  impression  on  silver  bromide  which  may  by  devel- 
opment produce  either  a  direct  or  a  reverse  image.  So  that 
there  is  a  perfect  parallelism  with  the  action  of  light. 

The  reverse  action  of  light,  sometimes  called  solarization, 
shows  itself  as  follows.  A  film  of  bromide  being  exposed  to 
light,  part  covered  by  an  opaque  screen,  the  exposed  portion 
receives  an  impression  capable  of  development,  and  this  im- 
pression grows  in  strength  to  a  certain  point,  then  recedes  and 
reaches  a  condition  in  which  it  is  less  susceptible  of  develop- 
ment than  before  exposure.  All  bromide  tiims,  even  unex- 
posed to  light,  will  darken  in  a  developing  solution  in  time. 
The  portion  that  under  the  action  of  light  has  reached  the 
reverse  stage  resists  the  reducing  action  of  the  developer  better 
than  that  which  was  not  exposed  at  all,  and  consequently 
appears  after  development  as  light  on  a  dark  ground  and  is 
therefore  a  reverse  image.  As  to  the  cause  of  this  action  we  are 
as  yet  wholly  in  the  dark.  If  the  continued  effect  of  light  was 
simply  to  restore  the  affected  part  to  its  original  state  we  might 
attempt  an  explanation  \\y  aflSrming  that  the  continued  action 
of  light  undid  its  own  work.  But  the  fact  of  the  resistance  to 
reduction  being  greater  than  before  exposure  shows  that  some 
as  yet  unknown  action  of  light  is  in  play.  The  reverse  action 
cannot  be  due  to  oxidation  as  has  been  suggested,  because 
hypophosphite  reverses  and  certainly  cannot  oxidize. 

The  reversing  action  of  light  on  silver  bromide  finds  its 
counterpart  in  the  action  of  sodium  hypophosphite. 

If  we  take  bromide  paper  (it  is  immaterial  whether  in  mak- 
ing it  the  bromide  or  the  silver  solution  be  applied  first,  but 
for  these  experiments  on  the  reversal  of  the  image  it  is  essen- 
tial that  a  pure  neutral  silver  solution  be  employed  and  that 
after  the  second  solution  has  been  applied  the  paper  should  be 
thoroughly  washed,  all  the  operations  being  of  course  per* 
formed  by  inactive  light): — if  weJtake  such  paper  and  make 
marks  on  it  with  a  strong  solution  of  hypophosphite,  and  then 
throw  the  paper  into  potassio-ferrous  oxalate,  we  shall  get  a 
direct  development;  the  marks  will  be  stronger  than  the 
ground.  If  now  we  continually  weaken  the  hypophosphite 
solution,  we  shall  presently  reach  a  point  at  which  these  marks 
are  in  development  almost  wholly  indistinguishable  from  the 
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ground  on  which  they  were  made.  But  continuing  the  dilu- 
tion still  further  we  presently  reach  a  point  at  which  the  marks 
reappear,  but  this  time  reversely ;  as  lighter  marks  on  a  darker 
ground.  This  result  is  obtained  with  about  a  two  per  cent 
solution  ;  the  first  mentioned  eflFect  comes  with  a  solution  of 
26  or  80  per  cent.  So  that  according  as  we  use  the  hypophos- 
phite  solution  stronger  or  weaker  we  obtain  exactly  opposite 
effects.  Here  the  parallelism  is  striking  but  not  perfect,  at 
least  it  remains  to  be  explained  why  the  action  in  the  two  cases 
proceeds  in  a  reverse  order.  All  the  other  reactions  show  a 
perfect  identity. 

Time  will  also  sometimes  produce  the  same  effect  as  dilution. 
Paper  marked  and  put  away  for  24  or  48  hours,  giving  at  first 
a  direct  image  may  after  that  time  give  a  reverse  one.  This 
effect  is  extremely  uncertain  and  I  think,  exceptional.  I  have 
kept  very  many  pieces  for  periods  from  a  few  hours  to  several 
weeks,  which  first  and  last  gave  direct  images  only;  a  few 
became  reversed.  But  the  experiment  itself,  the  opposite 
effect  of  strong  and  weak  solutions,  is  liable  to  no  such  uncer- 
tainty. 

Again,  we  may  make  light  and  hypophosphite  interact  and 
each  reverse  the  other's  action. 

To  make  hypophosphite  reverse  the  action  of  light,  I  take  a 
piece  of  silver  bromide  paper,  expose  it  to  the  action  of  diffuse 
daylight  for  a  few  seconds,  then  taking  it  to  the  dark  room, 
make  marks  upon  it  with  a  glass  rod  dipped  in  solution  of 
hypophosphite.  On  developing  with  potassio-ferrous  oxalate 
the  marks  appear  lighter  than  the  ground.  Or  what  is  perhaps 
more  striking,  we  take  two  pieces  of  such  paper,  retain  one  in 
the  dark  room  and  expose  the  other  from  5  to  20  seconds  to 
diffuse  light,  then  make  marks  on  both  with  a  glass  rod  dipped 
in  strong  solution  of  hypophosphite,  and  then,  after  allowing  a 
few  minutes  for  the  hypophosphite  to  act,  place  them  both  in  a 
solution  of  potassio-ferrous  oxalate.  The  marks  will  develop, 
in  the  one  case,  as  dark  on  a  light  ground,  in  the  other  (that 
exposed  to  daylight)  as  light  on  a  dark  ground. 

We  have  here  made  the  hypophosphite  imitate  the  action  of 
light:  it  has  reversed  the  image  in  the  same  way  as  would 
result  from  a  prolonged  exposure  to  light.  It  will  next  be 
shown  that  light  may  be  made  to  imitate  the  action  of  hypo- 
phosphite and  reverse  the  effect  already  produced  by  that  or 
other  reducing  agent. 

If  we  take  the  red  or  purple  silver  bromide,  preparing  it  with 
exclusion  of  light  and  the  same  precaution  as  in  the  case  of  a 
dry  plate  and  extend  it  over  paper  (it  is  best  thougl)  not  essen- 
tial, to  mix  it  with  a  little  gelatine  to  enable  it  to  retain  its 
hold  on  the  paper  in  the  subsequent  treatment)  dry  it  and 
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expose  it  to  light  under  a  screen  such  as  a  piece  of  opaque  stiflF 
pasteboard  with  openings  cut  in  it:  then  apply  potassio-ferrous 
oxalate,  we  shall  obtain  a  very  remarkable  effect :  all  the  parts 
exposed  to  light  take  a  reversed  development  and  appear  as 
lignter  spaces  on  a  dark  ground.  And  this  goes  so  far  that  we 
may  expose  till  we  get  a  visible  and  quiie  strong  image,  darker 
than  the  ground  and  yet  in  development  this  darker  portion 
will  come  out  lighter  than  the  ground.  Indeed  I  have  one 
specimen  which  shows  almost  white  figures  on  an  intensely 
black  ground.  Before  development  these  light  figures  were 
brown,  by  exposure  to  light,  on  a  rose-purple  ground.  I  have 
seen  few  more  curious  results  than  this. 

From  the  foregoing  it  follows  that  red  bromide,  notwith- 
standing its  intense  coloration  is  in  the  same  condition  respect- 
ing light  as  normal  silver  bromide  that  has  received  an  impres- 
sion of  light  so  strong  that  any  further  influence  of  light  would 
cause  reverse  action,  only  that  a  vastly  larger  proportion  of  its 
molecules  are  affected.  In  the  case  of  the  latent  image  formed 
by  light  on  normal  bromide  it  would  seem  that  the  particles 
affected,  although  numerous  enough  to  serve  as  a  oasis  of 
development  are  still  too  few  and  too  scattered  to  be  visible  or 
affect  the  color.  The  photobromide  on  the  contrary  has  its 
mass  made  up  of  them.  Then  if  exposed  to  light,  the  light 
carries  them  a  stage  farther — brings  them  to  the  reverse  or 
"solarized"  condition  and  the  parts  affected  by  light  develop 
less  strongly  than  those  not  exposed. 

So  light  can  acd;  the  part  of  hypophosphite  and  hypophos- 
phite  that  of  light,  intercnangeably ;  each  can  produce  a  direct 
action,  each  a  reverse  and  each  can  reverse  the  other. 

It  then  appears  that  in  all  the  numerous  ways  in  which  it  is 
possible  to  compare  the  photosalts  with  the  material  of  the 
latent  image  they  are  found  to  be  identical.  The  proofs  based 
on  development  generally,  and  especially  on  ihe  reversal  of  the 
latent  image  seem  very  strong  and  these  receive  additional  sup- 
port from  the  exact  identity  of  reactions  shown  by  the  photo- 
salts  and  by  the  material  of  the  latent  image. 

The  question  of  the  identity  of  the  photosalts  with  the  pro- 
ducts of  light  on  the  silver  haloids  might  perhaps  be  left  with 
some  confidence  to  the  cumulative  proofs  here  offered.  But  I 
hope  to  be  prepared  to  give  in  the  next  number  of  this  Journal 
additional  evidence  from  a  new  direction. 

Philadelphia,  March  21,  1887. 
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Art.   XLVIII. — On  Photohromide  and  Photoiodide  of  Silver ; 
by  M.  Carey  Lea,  Philadelphia. 

Photohromide  of  Silver, 

This  substance  is  formed  for  the  most  part  by  the  same  reac- 
tions as  the  corresponding  chlorine  salt. 

It  is  not  however  to  be  supposed  that  all  reddish-brown  sub- 
stances resulting  from  the  action  of  reducing  agents  on  silver 
bromide  are  the  photosalt.  By  reduction,  AgBr  may  yield  a 
brownish  colored  form  of  silver,  which,  mixed  with  unreduced 
AgBr  may  form  a  substance  resembling  the  photosalt,  but  hav- 
ing none  of  its  propertiea  The  two  are  easily  distinguished 
by  the  action  of  cold  nitric  acid  which  added  to  a  brown  mix- 
ture of  AgBr  and  Ag  quickly  dissolves  the  silver  leaving 
AgBr.     On  the  photosalt  it  has  no  action. 

A  beautiful  variety  of  photohromide  is  easily  obtained  by 
dissolving  silver  nitrate  in  ammonia  and  adding  it  to  ferrous 
sulphate  previously  mixed  with  solution  of  soda.  Then  KBr 
is  added  dissolved  in  dilute  sulphuric  acid,  until  the  mixture 
has  a  strong  acid  reaction. 

Sometimes  this  method  gives  immediately  a  fine  purple, 
sometimes  a  brown  product.  But  in  either  case,  after  washing 
and  cautiously  heating  with  dilute  nitric  acid,  a  beautiful 
purple  resulta  Much  care  is  needed  in  the  nitric  acid  treat- 
ment or  particles  of  yellow  bromide  will  form. 

A  specimen  obtained  in  this  way  gave  figures  indicating 
7*25  per  cent  of  subbromide.  Each  specimen  however  varies 
in  composition,  often  very  materially. 

I  subsequently  found  it  desirable  in  some  degree  to  vary  the 
method  and  to  determine  the  best  proportions  in  which  the 
materials  were  used,  to  obtain  a  constant  product.  That  which 
I  prefer  to  use  is  as  follows : 

Six  grams  of  'silver  nitrate  are  to  be  dissolved  in  200  centi- 
meters cube  of  water  and  ammonia  added  until  the  precipitated 
oxide  re-dissolves  easily.  Twelve  grams  of  ferrous  sulphate 
are  dissolved  in  200  c.  c.  of  water  and  the  silver  solution  is 
poured  into  this.  Then  four  grams  pure  caustic  soda  dissolved 
in  50  c.  c.  of  water  are  added,  let  stand  a  few  minutes,  then 
five  grams  of  KBr  dissolved  in  a  little  water.  Finally,  dilute 
sulphuric  acid  until  the  whole  has  a  strong  acid  reaction. 

This  product,  well  washed  and  then  heated  cautiously  with 
nitric  acid  1"36  diluted  with  five  times  its  bulk  of  water,  gives 
photohromide  of  a  shade  of  royal  purple,  extremely  beautiful. 

Notwithstanding  its  fine  color  it  proved  to  contain  but  little 
subbromide,  not  quite  one  per  cent  (0*98  p.  c). 

Various  other  methods  may  be  employed.     Silver  bromide 
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may  be  dissolved  in  ammonia  and  be  treated  first  with  ferrous 
sulphate  and  then  with  dilute  sulphuric  acid.  This  method, 
which  is  very  good  with  the  chloride,  is  less  available  for  the 
bromide  because  of  the  less  solubility  of  the  normal  bromide  in 
ammoriia,  so  that  although  the  product  is  good  it  ia  small  in 
quantity. 

Very  good  results  are  obtained  by  dissolving  silver  phos- 
phate, nitrate  and  probably  almost  any  other  salt  of  silver  in 
ammonia,  adding  ferrous  sulphate  and  after  two  or  three  min- 
utes, hydrobromic  acid. 

Potash  bromide  and  cupric  sulphate  may  be  made  to  act  on 
metallic  silver  in  fine  powder,  but  the  proauct  is  contaminated 
with  much  copper,  difficult  to  get  rid  or. 

When  AgBr  is  treated  with  sodium  hypophosphite  a  brown 
or  brownish  purple  form  of  photobromide  is  obtained  which 
seems  to  be  more  easily  decomposed  by  nitric  acid  than  most 
other  forms  of  this  substance. 

Potash  or  soda  with  oxidable  organic  substances,  made  to 
react  on  silver  nitrate  and  then  treated  with  HBr  gives  the 
photobromide.  With  soda  and  milk  sugar  or  aldehyde  a 
rose-colored  or  pink  product  is  generally  obtained. 

Reactions, — ^In  strong  solution  of  potassic  iodide  it  dissolves 
and  this  solution  by  dilution  lets  fall  pale  yellow  normal  bro- 
mide. With  a  weaker  solution  it  becomes  somewhat  lighter  in 
color. 

With  acid  fierric  sulphate  there  is  no  action  in  the  cold,  but 
with  a  few  minutes  boiling  the  photobromide  is  converted  into 
briffht  colored  normal  bromide. 

In  sodium  hyposulphite  it  dissolves,  leaving  a  little  black 
residue  of  silver. 

With  ammonia  the  action  at  first  seems  slower  than  is  the 
case  of  the  corresponding  chloride  and  if  the  ammonia  is  poured 
over  the  photobromide  in  small  quantity,  it  jnay  seem  to  be 
without  effect.  But  the  photobromide  shaken  well  up  in  a 
test  tubq  with  a  large  excess  of  ammonia  is  almost  instantly 
blackened. 

Exposed  to  light,  the  red  shades  of  photobromide  darken 
with  great  rapidity.  Placed  along  side  of  the  corresponding 
chloride,  the  contrast  is  very  striking: — a  strong  image  forms 
on  the  bromide  long  before  anything  appears  on  the  cnloride; 
nevertheless,  if  these  two  films  are  thrown  into  a  developing 
solution,  the  chloride  on  which  nothing  could  be  seen,  gives  a 
vigorous  positive  development,  while  the  bromide  which  already 
showed  a  strong  positive  image  develops  a  negative  one.  The 
details  of  this  reverse  development  have  been  already  con- 
sidered in  another  paper. 

As  respects  the  direct  eflfect  of  light  unaided  by  develop- 
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ment,  the  contrast  between  its  action  on  the  normal  haloids 
and  on  the  photosalts  is  very  striking.  If  a  rose-colored  photo- 
bromide  and  some  normal  bromide  are  exposed  side  by  side 
the  normal  bromide  (formed  in  presence  of  excess  of  alkaline 
bromide)  darkens  but  very  slowly  while  the  photobromide  is 
quickly  acted  on.  I  have  seen  deep  purple  photobromide 
change  to  brown  all  over  its  surface  with  less  than  five  minutes* 
exposure  to  diffuse  light  in  the  middle  of  a  room,  an  amount 
of  exposure  which  would  scarcely  have  produced  a  visible 
effect  on  normal  bromide  formed  in  presence  of  excees  of  KBr. 

When  photobromide  is  exposed  to  the  spectrum,  it  shows 
the  same  diflference  in  sensitiveness  and  darkens  more  rapidly 
than  photochloride.     But  it  gives  little  indication  of  color. 

When  exposed  under  colored  glass  photobromide  gave  dis- 
tinct indications  of  reproducing  colors,  but  much  less  favorably 
than  photochloride.  Under  green  glass  it  became  bluish,  under 
blue  greenish,  under  yellow  glass  it  bleached  and  under  red 
glass  the  red  of  the  photobromide  remained  unchanged. 

Photoiodide  of  Silver, 

The  most  characteristic  color  of  this  substance  seems  to  be  a 
fine  rich  purple.  It  is  obtained  in  much  the  same  way  as  the 
corresponding  chloride  and  bromide,  with  this  limitation,  that 
an  excess  of  alkaline  haloid  must  not  be  present,  as  the  photo- 
iodide is  quickly  destroyed  by  it.  The  iodine  salt  differs  much 
more  from  the  bromide  than  does  the  bromide  from  the 
chloride  and  two  striking  distinctions  are,  its  easy  decomposi- 
tion by  its  own  alkaline  salt,  and  its  action  with  ammonia,  as 
will  appear  beyond. 

A  very  easy  and  satisfactory  method  of  obtaining  the  photo- 
iodide is  the  following :  Silver  is  to  be  reduced  from  the  nitrate 
or  chloride,  in  fine  powder  in  any  convenient  way ;  I  have  usu- 
ally employed  LevoFs  method.  To  a  solution  of  potash,  iodine 
is  to  be  added  until  the  liquid  becomes  almost  black.  This 
iodine  solution  is  to  be  dilut^  and  poured  over  the  silver  by 
degrees,  keeping  the  silver  constantly  agitated,  until  the  whole 
mass  becomes  clear  bright  purple. 

Any  excess  of  silver  present  may  be  removed  by  boiling 
with  dilute  nitric  acid,  but  this  operation  requires  far  more 
circumspection  than  in  the  case  of  the  corresponding  chlorine 
and  bromine  products.  The  acid  (1'36  was  used)  must  be 
diluted  with  twelve  or  fifteen  times  its  bulk  of  wat«r,  and  the 
boiling  must  be  very  short,  otherwise  the  photoiodide  is  con- 
verted iito  normal  yellow  iodide. 

Another  method  by  which  it  may  be  obtained  is  to  add 
ammonia  to  silver  nitrate  in  considerable  excess  and  to  pour 
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this  into  solution  of  ferrous  sulphate.  Potassic  iodide  is  dis- 
solved in  very  dilute  sulphuric  acid  and  added  till  the  mixture 
has  a  sharp  acid  reaction.  It  is  necessary  to  observe  that  the 
KI  added  must  be  somewhat  short  of  a  proportion  equivalent 
to  that  of  the  silver.  Any  excess  of  silver  may  be  removed  in 
the  manner  already  explained. 

Different  specimens  of  the  purple  product  in  this  way  ob- 
tained gave  various  amounts  of  Ag,I  from  0*64  per  cent  to 
4*68.  The  same  remark  made  as  to  the  meaning  of  these  deter- 
minations in  reference  to  the  other  haloids,  applies, to  this. 

The  method  of  roasting  silver  oxide  until  it  is  black  and 
acting  on  it  with  the  hydrogen  acid  of  the  halogen,  which 
works  well  in  the  case  of  the  chloride,  does  not  answer  well  for 
the  iodide. 

When  silver  iodide  is  boiled  with  solution  of  sodium  hypo- 
phosphite,  it  gives  a  brown  product,  evidently  indicating  that 
reduction  to  some  extent  has  taken  place  ;  the  hypophosphite 
solution  may  or  may  not  show  traces  of  iodine.  The  color  of 
the  silver  iodide  may  show  a  very  marked  darkening,  and  yet 
the  solution  may  give  no  trace  of  iodine  by  the  most  delicate 
reagents. 

This  was  very  difficult  to  explain  until  I  found  that  silver 
iodide  has  the  property  of  taking  up  and  retaining  small  por- 
tions of  iodine,  a  reaction  not  very  surprising  in  view  of  the 
tendency  I  have  found  in  silver  haloids  to  take  up  foreign  sub- 
stances of  very  various  natures,  and  also  of  the  facility  with 
which  iodine  is  taken  up  by  alkaline  iodides.  This  property 
in  silver  iodide  was  verified  by  shaking  up  portions  of  freshly 

Erecipitated  and  still  moist  Agl  with  iodine  solutions.  Alco- 
olic  solution  of  iodine  diluted  until  it  has  a  pale  sherry  wine 
color  is  quickly  decolorized  by  Agl,  and  the  same  thing  hap- 
pens with  a  very  dilute  solution  of  iodine  in  KI,  which  in  a 
few  minutes  becomes  as  colorless  as  water. 

This  reaction  I  found  particularly  interesting,  for  it  not  only 
explained  the  action  of  hypophosphite  in  the  case  just  men- 
tioned, but  also  gave  a  clue  to  the  cause  of  a  phenomenon  I 
observed  more  than  twenty  years  ago,  and  which  then  and 
long  afterwards  seemed  to  me  an  unanswerable  argument  in 
favor  of  the  physical  nature  of  the  latent  iniage. 

At  the  time  referred  to  I  formed  films  of  pure  silver  iodide 
entirely  isolated  from  foreign  matter,  by  reducing  metallic  sil- 
ver on  plates  of  ground  glass,  iodizing  them  with  alcoholic 
solution  of  iodine,  or  with  Lugol's  solution,  then  washing  most 
thoroughly  under  a  tap  for  hours.  When  these  films  of  silver 
iodide  were  exposed  to  light,  they  received  an  invisible  image 
which  could  be  developed.  But  these  invisible  images,  if  the 
plates  were  laid  aside  in  the  dark,  had  the  property  of  fading 
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out  in  a  few  days  or  weeks,  then  could  no  longer  be  developed, 
but  the  film  could  receive  a  fresh  image.  This  seemed  an 
unanswerable  proof  of  the  physical  nature  of  the  latent  image 
at  least  on  silver  iodide.  The  argument  was :  If  the  produc- 
tion of  this  latent  image  is  the  result  t>f  chemical  action  involv- 
ing the  loss  of  iodine  by  the  silver  salt,  bow  then  is  this 
iodine  recovered  when  the  image  fades  out?  If  it  is  formed  of 
subiodide,  where  does  this  latter  substance  get  back  its  iodine 
to  return  to  the  normal  form,  as  it  unquestionably  does? 

No  answer  could  be  given  then  or  after,  and  this  experi- 
ment, repeated  and.  confirmed  by  others,  has  always  seemed 
the  strongest  support  of  the  physical  theory.  When,  however, 
it  appears  that  silver  iodide  can  take  up  iodine  and  hold  it,  the 
course  matters  follow  becomes  evident.  By  the  action  of  light 
a  very  small  quantity  of  subiodide  is  formed,  and  combines 
with  the  normal  to  form  photoiodide.  The  iodine  set  free 
evidently  does  not  pass  off  but  remains  combined  with  neigh- 
boring molecules  of  Agl,  and  in  the  dark  gradually  re-combines 
with  the  photoiodide  re-converting  it  to  normal  Agl.  In  this 
retention  the  lower  tension  of  iodine  as  compared  with  bromine 
and  chlorine  no  doubt  plays  its  part. 

In  thus  explaining  away  the  fading  out  of  the  latent  image 
on  silver  iodide,  the  last  argument  in  favor  of  the  physical 
theory  is  destroyed,  while  the  chain  of  proof  supporting  this 
new  explanation,  that  the  latent  image  consists  of  normal  haloid 
combined  with  its  own  subsalt,  remains  unbroken. 

Reactions. — When  ammonia  is  poured  over  purple  photo- 
iodide of  silver,  the  color  quickly  passes  to  a  salmon  and  then, 
even  after  some  days,  seems  to  undergo  no  further  change.  Of 
separation  of  metallic  silver  as  in  the  case  of  the  corresponding 
chloride  and  bromide,  there  is  no  trace. 

In  sodium  hyposulphite  it  dissolves  slowly,  leaving  a  slight 
but  distinct  residue. 

Dilute  nitric  acid  mixed  with  dilute  solution  of  KI  slowly 
but  completely  converts  it  to  normal  silver  iodide. 

Light  acts  slowly  upon  it,  changing  the  color  to  greenish- 
gray. 

I  hav^  already  spoken  of  the  remarkable  manner  in  which 
light  acts  reversely  by  development  on  photohromide.  On 
photoiodide  the  eflfect  is  usually  the  same  as  on  photoohloride, 
viz:  the  action  is  direct  But  occasionally  it  reverses  and  the 
exposed  part  comes  out  lighter  in  development  than  the  part 
that  has  not  been  exposed.  In  this  respect  the  behavior  of  the 
iodine  compound  is  intermediate  between  that  of  the  chlorine 
and  the  bromine. 
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Note  in  Conclusion, 

The  investigations  of  which  the  preceding  pages  are  the 
result,  are  still  unfinished.  I  have  very  lately  observed  the 
formation  of  another  group  of  silver  haloids  quite  diflFerent 
from  the  photosalts.  The  members  of  this  new  group  are 
deeply  colored,  purple  or  red,  not  unlike  the  photosalts,  but  are 
sharply  distinguished  from  them  by  very  aiflferent  reactions. 
The  photosalts  are  unaffected  by  cold  strong  nitric  acid ;  these 
new  salts  are  by  very  dilute  acid  instantly  converted  into  a  pale 
pink  substance  which  appears  to  be  a  photosalt  But  the  most 
striking  difference  is  in  the  action  of  ferric  chloride,  A  strong 
solution  of  this  substance  shows  no  action  with  the  photosalts 
unless  left  in  contact  for  many  hours  or  days.  But  these  new 
haloids  are  instantly  converted  by  it  into  what  is  apparently 
light  pink  photosalt. 

So  energetic  is  this  action  that  a  solution  of  ferric  chloride 
containing  one  part  only  to  a  thousand  of  water  quickly 
attacks  these  dark  purple  salts  and  decolorizes  them.  Such  a 
solution  might  remain  indefinitely  in  contact  with  the  sub- 
stances I  have  called  photosalts  without  affecting  them. 

Other  differences  exist.  So  far  as  I  have  yet  been  able  to 
observe  these  new  haloids  are  formed  pure,  whereas  the  photo- 
salts are  almost  always  contaminated  with  either  free  silver  or 
free  subsalt,  or  both.  As  yet  there  has  been  no  time  to  fix  with 
exactness  their  mode  of  formation  or  their  properties,  which  I 
hope  to  do  at  a  future  day. 

Philadelphia,  April  27,  1887. 


Art.  XLIX — On  the  Meteoric  Iron  which  fell  near  Cabin  Oreek^ 
Johnson  County^  Arkansas^  March  27 tA^  1886  ;  by  George  F. 

KUNZ. 

The  Johnson  County  meteoric  iron,  the  tenth  whose  fall  has 
been  observed,  is  of  more  than  ordinary  interest,  because  its 
fall  is  so  well  substantiated,  because  it  is  the  second  largest  mas& 
ever  seen  to  fall,  and  again  because  it  fell  within  five  months 
of  the  date  of  the  9th*  recorded  fall,  that  of  the  Mazapil.     It  is 

*  This  Journal,  III^  vol.  xxxiii,  p.  221.  This  meteorite  was  first  mentioiied 
before  the  New  York  Mineralogical  Club,  Feb.  2d,  (N.  Y.  Aoademj  Science, 
March),  and  full  details  will  be  printed  wiih  plates  figuring  both  sides  of  the  iron, 
natural  size,  in  the  Bulletin  of  the  National  Museum.  The  irons  whose  faUt  have 
been  recorded  thus  far,  are:  Agram,  Croatia,  May  26th,  1871.  Charlotte,  Dickson 
Co.,  Tenn.,  Aug.  1st,  1835.  Braunau,  Bohemia,  July  14th,  1847.  Tabarz,  Saxony, 
Oct.  18th,  1864.  Victoria  West,  Africa,  1862.  Nejed,  Central  Arabia,  Spring  of 
1865.  NedagoUa,  India,  Jan.  23d,  187Q.  Rowton,  Sl^ropshire,  Bngland,  April  20, 
1876.     Mazapil,  Mexico,  Nov.  27th,  1885. 

fit  appears  questionable  whether  the  4th,  5th  and  6th  in  the  list  should  be 
included,  since,  so  far  as  we  are  aware,  no  account  of  their  fall  has  been  pub- 
lished.—Edb.] 
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almost  an  exact  counterpart  of  the  Hraschina  (Agram),  Croatia 
iron,  the  first  of  the  recorded  falls.  The  Agram  iron  fell  in 
two  fragments,  one  weighing  about  40^  and  the  other  about  9*, 
the  combined  weight  being  about  equal  to  that  of  the  Johnson 
County  iron. 

This  mass  fell  about  six  miles  east  of  Cabin  Creek,  John- 
son Co.,  Arkansas,  in  longitude  93°  IT  W.  of  Greenwich, 
latitude  35°  24'  North,  within  seventy-five  yards  of  the  house 
of  Christopher  C.  Shandy.  Mrs.  Shandy  states  that  about 
three  o'clock  on  the  afternoon  of  the  27th  of  March,  1886, 
while  in  her  house  she  heard  a  very  loud  report,  which  caused 
'  the  dishes  in  the  closet  to  rattle  and  which  she  described 
as  louder  than  any  thunder  she  had  ever  heard.  At  first  she 
thought  it  was  caused  by  a  bombshell,  and  ran  out  of  the  house 
in  time  to  see  the  limbs  fall  from  the  tops  of  a  tall  pine  tree, 
which,  she  say^  stands  about  75  yards  from  her  dwelling.  She 
did  not  investigate  the  matter  until  her  husband  came  home 
about  six  o'cIock  in  the  evening,  when  in  company  with  John 
R.  Norton,  their  hired  man,  they  went  out  to  find  the  cause  of 
the  noise  that  had  so  startled  Mrs.  Shandy.  They  discovered 
that  a  large  hole  had  been  made  in  the  ground  by  some  falling 
object,  and  that  the  fresh  dirt  had  been  thrown  up  to  a  height 
of  thirty  feet  on  the  surrounding  saplings  and  trees.  They  dug 
down,  and  a  steam  or  exhalation  arose,  which  on  a  dark  night 
might  perhaps  have  produced  a  phosphorescence  similar  to 
that  describea  in  the  case  of  the  Mazapil  iron.  The  iron  had 
buried  itself  in  the  ground  to  the  depth  of  three  feet,  and  the 
earth  around  it  to  the  thickness  of  one  inch  seemed  to  be  burned. 

The  ground  was  still  warm  when  the  iron  was  taken  out,  and 
the  iron  itself  was  as  hot  as  the  men  could  well  handle.  The 
weather  had  been  quite  cloudy  all  day,  but  no  rain  fell  until 
night.  These  facts  are  from  the  affidavits  of  Mr.  and  Mrs. 
Shandy  and  John  R.  Norton.  Mr.  Shandv  at  first  supposed 
that  their  find  was  platinum,  then  silver,  and  he  finally  learned 
what  it  really  was- and  sold  it.  Mrs.  India  Ford,  Dr.  W.  J. 
Bleck,  Mr.  S.  A.  Wright,  Constable,  and  Mr.  L.  Wright,  Chief 
of  Police,  also  heard  the  report  caused  by  the  fall. 

The  noise  was  heard  75  miles  away  and  was  likened  to  a  loud 
report  followed  by  a  hissing  sound  as  if  hot  metal  had  come  in 
contact  with  water.  It  caused  a  general  alarm  among  the  people 
and  teams  of  horses  twenty  five  miles  distant  becoming  fright- 
ened, broke  loose  and  ran  away,  and  in  Webb  City,  Franklin 
Co.,  on  the  south  side  of  the  Arkansas  river,  a  number  of  bells 
kept  on  sale  in  a  store,  are  said  to  have  been  caused  to  tinkle. 
Caoin  Creek  is  on  the  north  side  of  the  Arkansas  river. 

Mr.  B.  Caraway  states  that  he  heard  two  loud  reports  at 
Alma,  Crawford  Co.,  at  8  o'clock  on  March  27th,  1886.     The 
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report  was  also  heard  at  Russellville  and  in  the  adjoining  county 
of  Pope.  The  Democrat  of  that  place,  April  29th,  '86,  says : 
**  The  wonderfal  meteoric  stone  as  it  is  called,  but  erroneously, 
for  nothing  is  further  from  stone  than  it  is,  is  now  on  exhibition 
here.  We  looked  on  the  strange  thing  and  wondered  what  it 
was  and  where  it  came  from.  The  noise  it  made  when  it  struck 
the  earth's  atmosphere  on  the  27th  of  March  and  came  whizzing 
to  earth  near  Knoxville,  will  never  be  forgotten,  neither  will 
anyone  who  looked  at  it  ever  forget  it."  A  description  of  the 
mass  then  follows.  The  DardanelU  Post  of  April  1st,  refers 
to  the  explosion,  and  the  issue  of  April  8th  suggests  the  meteor-  ^ 
ite  found  as  its  probable  cause.  Mr.  B.  Caraway  who  visited  * 
the  spot  for  me  informs  me  that  the  pine  tree,  through 
which  the  meteorite  fell  is  107  feet  high,  and  that  the  dis- 
tance from  the  foot  of  the  tree  to  the  centre  of  the  hole  made 
by  the  mass  is  22  feet  3  inches.  The  limbs  on  4he  west  side  of 
the  tree  were  broken,  and  the  meteorite  lay  in  the  hole  with 
the  flat  side  down.     The  hole  was  75  yards  from  the  house. 

Professor  H.  A.  Newton,  who  has  kindly  interested  himself 
in  this  matter,  says  that  the  data  furnished  indicate  that  the 
mass  must  have  fallen  nearly  from  the  zenith.  This  was  the 
direction  of  the  end  of  its  path,  the  earlier  portion  being  more 
inclined  to  the  vertical,  as  the  path  must  be  affected  by  gravity 
and  the  resistance  of  the  air.  The  earlier  direction  must  have 
been  from  the  N.E.  and  more  nearly  from  the  East  than  the 
North. 

Mr.  Shandy  sold  the  meteorite  to  Mayor  Caraway,  who  in 
turn  sold  it  to  Col.  J.  C.  Betten,*  a  lawyer  of  Eureka  Springs, 
of  whom  the  writer  obtained  it,  Colonel  Betten  bought  it  as  a 
business  speculation,  intending  to  realize  something  of  an  in- 
come from  its  exhibition.  While  in  his  possession  it  was  ex- 
hibited at  Eureka  Springs.  Circulars  headed  "The  Tenth 
Wonder  "  were  printed  and  circulated,  notwithstanding  the  fact 
that  the  authors  had  no  knowledge  of  the  number  of  irons  that 
had  been  seen  to  fall  and  that  this  was  in  reUlity  the  tenth.  It 
was  also  called  **  veritable  wonder  that  was  seen  to  pass 
through  the  sky,  blazing,  sparkling,  etc."  Twenty-five  cents 
was  charged  for  admission  to  look  at  it  The  mass  is  in  general 
quite  flat  and  very  irregular,  resembling  strongly  a  mass  of 
molten  metal  thrown  on  the  ground  and  then  pitted.  The 
illustration  of  the  Agraraf  mass  figured  by  Von  Schreibers 
could  be  mistaken  for  the  upper  side  of  this  were  it  not  that 
this  is  larger.     It  measures  17^  inches  (44:°°)    by  15^  inches 

*  Affidavits  were  furnished  by  the  County  Clerk  and  the  Mayor  of  Eureka, 
as  to  the  trustworthiness  of  Colonel  Betten  and  Mayor  Caraway. 

t  **  Beitrage  zur  Geschichte  und  Kenntoiss  Meteorischer  Stein-  und  Metall- 
massen,"  by  Dr.  Carl  von  Schreibers,  Wien,  1820,  folio,  plate  viii. 
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(39^)  while  the  Agram  measures  15^  by  12  inches.  A  high 
ridge,  5  inches  high  at  the  highest  point  (l2"5°°),  runs  through 
the  center.  One  half  of  the  mass  is  not  over  3  inches  (T'S*^) 
thick,  part  of  it  is  only  2  inches  (5*^),  and  around  the  edge  it 
is  only  one  inch  or  less.  It  is  only  exceeded  in  size  among  the 
irons  seen  to  fall  by  the  Nejed,  Central  Arabia,  now  in  the  British 
Museum,  which  fell  in  the  spring  of  1865  and  weighs  59*420 
kilos.  The  weight  is  107^  lbs.  (44-213  kilos),  and  it  is  intact 
with  the  exception  of  three  small  points,  weighing  not  more 
than  two  ounces  in  all,  which  were  broken  off.  One  of  these 
is  seen  in  the  etched  figure,  another  was  sent  to  Professor  Clarke 
by  Colonel  Betten  to  be  analyzed,  and  the  third  piece  was  lost. 
The  two  sides  are  wholly  dissimilar.  (See  Plate  XIII.)*  In 
fact,  one  would  scarcely  supppse  that  they  belonged  to  the  same 
mass.  The  upper  side  is  ridded  and  deeply  dented,  while  the 
lowerside  is  flat  and  covered  with  shallow,  out  very  large  pittings. 
On  top  the  color  is  in  many  places  almost  tin-white  without  any 
coating  whatever,  and  the  pittings  are  very  deep  and  usually 
quite  long,  like  finger  depressions,  made  in  potter^s  clay. 
These  depressions  measure  from  2^  to  4*^  and  from  1°°*  to  4*^. 
This  side  is  remarkable  for  striae  showing  the  flow  and  burning 
and  alj  running  from  the  center  toward  the  edge,  identical  with 
those  in  the  Eowton,  Nedagolla  and  MazapiT  irons,  but  on  a 
larger  scale.  Some  of  them  are  thinner  than  a  hair  and  yet 
twice  as  high  (like  a  high  knife-edge),  and  they  are  from  one 
to  four  inches  long.  In  one  space  of  5^  twenty  are  arranged 
side  by  side,  and  on  one  small  part  which  is  black,  there  are 
50  lines  in  one  inch  of  space  (25°*™),  all  running  in  the  same  di« 
rection.  Near  all  the  pointed  edges  the  fused  metal  has  flowed  • 
and  cooled  so  as  to  hang  like  falling  water.  The  striae  and 
marks  of  flowing  are  around  the  edges  of  the  upper  surface, 
(Plate  XIII,  fig.  1.)  On  the  under  side  pittings  are  very 
shallow  but  much  broader,  one  depression,  apparently  made 
up  of  four  pittings  being  20"^  long  and  9*5""  wide.  The 
whole  side  is  coated  with  a  black  crust,  1°^  thick  and  hav- 
ing minute  round  bead-like  markings.  On  one  of  the  in- 
dentations of  the  lower  edge  the  crust  has  a  strikingly 
fused  appearance  as  if  a  flame  had  been  blown  on  it  from 
the  other  side.  In  reality  this  edge  is  undoubtedly  the  place 
where  a  greater  amount  of  burning  took  place  when  the  body 
was  passing  through  the  air.  Seven  small,  bead-like  lumps, 
from  5°^  to  10°*"  in  size,  which  are  visible  on  this  side,  are 
drops  of  metal  that  were  entirely  melted  and  flowed  and  cooled 
so  that  thev  resemble  drops  of  a  thick  liquid.  There  are  also 
to  be  seen  what  appear  to  be  cracks,  15  in  number  and  nearly 

*  The  figures  on  this  Plate  were  made  by  the  Ives  process  and  are  faithful  re- 
productions direct  from  the  photograph. 
Am.  JorB.  Sci.— Third  Skribs,  Vol.  XXXII 1,  No.  198.— June,  1887. 
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as  thin  as  a  hair.  One  of  these  is  10""  lon^and  extends  from 
the  highly  fused  edge  above  mentioned  toward  the  center. 
The  others  are  from  3*^  to  5°°*  long.  These  are  so  evenly  ar- 
ranged that  they  are  without  doubt  "Reichenbach  lamellen" 
in  which  the  inner  troilite  has  been  burnt  out.  If  such  is  the 
case  they  are  as  abundant  as  in  the  Staunton,  Va.,  meteoric  iron. 
On  the  upper  side  ten  nodules  of  troilite  are  exposed,  meas- 
uring from  33"'°'  in  diameter  to  55"*  long  and  25™  wide.  On 
the  lower  side  there  are  12  such  nodules  exposed,  13"^  in  di- 
ameter, while  the  largest  measures  19"*"  by  89*"".  On  the 
upper  side  these  nodules  are  coated  in  spots  with  a  black  crust 
similar  to  that  found  on  the  mass,  but  on  the  lower  side  the 
crust  extends  completely  around  the  side  of  the  nodules,  show- 
ing the  fusion  very  plainly.  The  troilite  is  very  bright  and 
fresh,  like  a  newly  broken  mineral,  and  on  the  upper  side  one 
of  the  nodules  shows  deep  striation,  suggesting  that  the  entire 
nodule  is  one  crystal  and  the  exposed  part  is  only  one  side  of 
it.  In  some  cases  where  the  nodules  were  broken  they  were 
found  to  be  iridescent.  This  is  one  of  the  octahedral  irons 
showing  the  Widmansiatten  figures  beautifully  on  etching  (see 


figure  3),  and  is  one  of  the  Caillite  groups  of  Stanislas  Meunier 
and  of  the  mililere  lamellen  of  Brezina.  The  lamellae  are  1°^ 
wide  and  the  markings  more  closely  approach  the  Rowton*  and 
Mazapilf  irons.  Figure  4  shows  the  etching  on  the  surface  of 
the  unpolished  exterior,  there  being  no  crust.  The  lower  end 
of  the  figure  which  is  flat,  was  produced  by  the  hammering  oflF 
of  the  piece ;  but  the  etching  is  really  finer  where  it  was  done 
on  the  natural  surface  of  the  iron.  The  specific  gravity  of  the 
small  piece  figured  is  7 '773.  Troilite,  as  before  stated,  is  very 
abundant  in  the  mass.  Schreibersite  and  carbon  have  also  been 
found  between  the  laminsB.  Chlorine  is  present  only  in  slight 
quantity,  as  scarcely  any  deliquescence  has  been  observed.^ 

The  following  is  a  comparative  table  of  analyses  of  meteoric 
irons  most  nearly  approaching  this  in  composition : 

*  Meteoriten  Sammlung  des  k.  k.  mineralogisches  Hofcabinet  in  Wien.,  8yo, 
Wien,  1885,  Plate  2,  figure  2. 

t  This  Journal,  HI,  vol.  xxxiii,  p.  225,  fig.  2. 

\  The  full  analysis  of  this  iron  made  bj  Mr.  J.  E.  Whitfield  will  be  given  in 
an  article  following  thi& 
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Cftbln  Creek.  EfthervtUe.  Mazapll.  Rowton.  Charlotte. 

(Wmtfleld.)  (Smith.)        (Mackintosh.)  (FUjfht.)  (Smith.) 

Iron Sl-St  9200  91*26  91-25  91-15 

Nickel 6-60  710                7845  8*582  805 

Cobalt trace  069                0*663  0-371  0-72 

PhosphoroB-     0*41^                   0112              0*30  .  006 

C,  S,etc.  0-64  99-902  100038  100*203  99*98 

99-42 

From  the  fact  that  the  riclged  side  is  so  free  from  crust  and 
the  flat  side  so  thickly  coated  ;  that  the  ridged  side  is  covered 
with  striae  and  marks  of  flowing,  and  the  other  has  so  few 
marks  of  this  kind,  and  from  the  fact  that  at  the  edges,  espe- 
cially at  the  indentation  the  back  looks  as  though  a  flame 
had  come  from  the  other  side — ^from  all  these  facts  the  writer 
concludes  that  after  entering  our  space  the  iron  traveled  with 
the  ridged  surface  forward  (see  fig.  1,  Plate  XIII),  the  iron 
burning  so  rapidly  as  to  be  torn  off,  leaving  part  of  the  surface 
bright  The  flame  thus  passed  over  the  sides,  and  the  indented 
edge  being  downward,  the  flame  was  driven  upward  as  the  iron 
advanced.  The  flat  side,  not  being  so  much  exposed,  the  iron 
was  not  so  completely  consumed,  hence  a  crust  and  large  but 
shallow  pittings.  These  conditions  would  perhaps  have  been 
entirely  different  had  the  mass  been  round  or  thicker,  for  it 
evidently  moved  as  straight  as  possible  without  rotating  at  all. 
That  it  was  found  in  the  nole  with  the  flat  side  down  was  due 
perhaps  to  the  fact  that  having  lost  its  impetus  it  turned  in 
falling,  or,  as  Professor  Newton  suggests,  it  may  have  been 
turned  by  striking  the  tree,  and  then  have  fallen  downward 
almost  in  a  straight  line. 

As  the  iron  only  penetrated  to  a  depth  of  three  feet  (90*^) 
the  earth  where  it  struck  must  have  been  very  compact  and  the 
force  of  the  body  itself  nearly  spent.  The  Agram  iron  pene- 
trated 14  to  15  feet  (425-450^)  in  a  freshly  ploughed  fleld, 
which  shows  that  in  the  case  of  that  meteorite  there  must  have 
been  considerable  force  left,  the  small  mass  falling  very  near  it. 
The  Mazapil  mass,  one  tenth  of  the  weight,  penetrateii  only  12 
inches  (80«"). 

I  must  herewith  thank  Mayor  B.  Caraway  and  Col.  J.  0. 
Betten  for  information,  furnished  me,  and  Professor  P.  W. 
Clarke  and  Mr.  J.  E.  Whitfield  for  their  coiM'tesy  and  for  the 
analysis. 
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Art.  L. — On  the  Johnson  County^  Ark,,  and  Alien  County^  Ky,, 
Meteorites;  by  J.  Edward  Whitfield. 

1.  Johnson  County^  Ark. — A  fragment  of  the  Johnson  County 
meteorite  described  in  the  preceding  paper  by  Mr.  Kunz,  was 
received  by  Professor  F.  W.  Clarke,  of  the  U.  S.  Geological 
Survey,  from  the  former  owner,  Mr.  J.  C.  Betten,  of  Eureka 
Springs,  Arkansas.  This  fragment  weighed  a  little  more  than 
35  grams,  the  exposed  surfaces  were  oxidized,  the  oxide  of 
iron  extending  it: to  the  numerous  cracks,  in  some  cases  almost 
through  the  specimen.  The  trace  of  chlorine  found  will  account 
in  some  degree  for  this  oxidation. 

The  following  analysis  gives  the  composition  of  the  iron. 
The  loss  is  due  to  the  partial  oxidation  of  the  iron. 

Fe 91-87 

Ni 6-60 

Co trace 

S 0-05 

Combined  C 0'16 

P 0-41 

Mn trace 

CI " 

InsoL  inHCl 0-34 


Specific  gravity  =  7-837.  ^  99-42 

2.  Allen  County,  Ky. — This  meteorite  was  found  about  the 
middle  of  June,  1867,  by  Mr.  Jas.  H.  More,  while  hoeing  to- 
bacco, near  Scottsville,  Allen  Co.,  Ky.  In  shape  it  resembles 
a  wedge,  the  thickness,  at  base,  being  14*^,  width  18*=",  and 
length  16^;  the  mass,  as  found,  weighing  a  little  more  than  10 
kilos  and.  having  the  characteristic  pitted  surface.  A  section 
shows  nodules  of  troilite,  varying  in  diameter  from  barely 
visible  points  to  about  12"*™.  The  markings  on  an  etched  sur- 
face are  exceedingly  fine  and  require  the  aid  of  a  lens  to  dis- 
tinguish them.  There  appear  to  be  two  sets  of  figures,  one  of 
long,  very  fine  lines  representing  octahedral  cleavage,  the  other 
series  being  smaller,  more  crowded  and  barely  perceptible. 
An  analysis  gave  the  following  composition  : 

Fe 94-32 

Ni 6-01 

Co trace 

S 0-34 

P 0-16 

Total  C 0-12' 


Specific  gravity  =  7*848  99-96 
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This  iron,  as  regards  markings  and  general  appearance  of  seo- 
tion,  resembles  the  Scriba  and  Salt  Eiver  meteorites  more  nearly 
than  any  others  represented  in  the  National  Museum  collection; 
but  as  no  complete  analyses  of  these  two  irons  are  at  hand  the 
chemical  comparison  cannot  well  be  made.  The  percentage  of 
iron  appears  rather  high,  but  duplicate  determinations  gave 
corresponding  figures. 

The  material  for  analysis  was  received  by  Professor  Clarke 
from  Messrs.  Ward  and  Howell,  of  Rochester,  N.  Y.,  the  pres* 
cnt  owners  of  the  meteorite,  to  whom  we  are  indebted  for  the 
privilege  of  description. 

Chemical  Laboratory  of  U.  S.  Geological  Survey, 
Washington,  D.O.,  Feb.,  1887. 


Art.   LI. — Contributions  to  Mineralogy;   by  W.  E.  Hidden 
and  H.  S.  Washington. 

The  following  pages  contain  the  results  of  a  crystallographic 
examination  of  some  crystals  obtained  last  summer  at  the 
emerald  and  hiddenite  locality  in  Sharpens  township,  Alex- 
ander Co.,  North  Carolina.  Thej  crystals  were  nearly  all  highly 
polished  and  brilliant,  allowing  very  exact  determinations. 
The  measurements  were  all  made  on  a  Fuess  horizontal  goni- 
ometer  with  two  telescopes.  As  a  rule,  the  mean  of  about  five 
of  the  best  results  are  taken,  though  in  several  cases,  as  in  apa- 
tite and  rutile,  the  fundamental  angles  selected  were  the  mean 
of  ten  or  more  determinations. 

RuTiLK — The  particular  crystals  examined  are  of  the  rarest 
type  of  the  region  and  are  peculiar  to  the  pockets  and  veins 
bearing  spodumena  The  rare  basal  plane  on  the  rutile  and 
the  predominance  of  the  acute  rhom-  ^ 

bohedron  8^x3051)  on  the  associated 
quartz  crystals  are  good  indications  of 
wie  gem  variety  of  spodumene  in  Alex- 
ander Oounty.  These  rutiles  are  gener- 
ally quite  small,  rarely  over  3"°*  thick 
and  1(Y^  long,  but  the  polish  of  the 
planes  is  extremely  good.  They  are 
only  found  as  implanted  crystals,  and, 
besides  the  species  mentioned  above, 
are  commonly  associated  with  brown 
muscovite,  dolomite,  siderite,  pyrite, 
and  rarely  beryl,  all  well  crystallized.  The  best  of  these 
crystals  came  from  pockets  in  the  gneissoid  rock  about  thirty 
feet  below  the  surface.     With  one  or  two  exceptions  of  clear, 
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ruby-red  crystals,  they  were  of  an  iron-black  color,  and  bril- 
liant submetallic  lustre.  They  had,  usually,  the  basal  pinacoid 
prominent  and  well  polished  ;  s  (111,  1)  and  t  (101, 1-i)  were 
also  prominent  The  annexed  figure  shows  the  most  interest- 
ing  form,  observed  in  two  crystals,  on  which  three  of  the  new 
planes  occur.     The  planes  identified  were  as  follows : 

Pinacoid,  c (001,0),  prisms,  a  (100,  i-i),  tw  (110, /),  i(810,t-3), 
dome,  e  (101,  l-t),  pyramids  a»(227,  f ),  i8*(112,  i)  <J*(223,  |), 
«(111,  1),  ;r*(441,  4),  i  (818,  1-3),  z  (821,  8-f)  and  7-^989,  1-|). 

Those  marked  with  an  asterisk  are  new  to  the  species.  As 
a  fundamental  angle  ca^b  (001  /s  111)  was  taken,  giving  as  a  mean 
of  fifteen  closely  agreeing  measurements, 

c^8  (001  A  111)=42'  20'  8' .  • .  a :  cssl :  0644252, 

Miller*  giving 

c A 5(001  A  lll)s»42'  19'  68' .  • .  a:  c=3l :  0-644n9. 

The  new  planes  of  the  unit  pyramidal  series  were  determined 
by  their  angles  on  c(001,  G).  The  agreement  between  the  ob- 
served and  calculated  angles  is  as  follows  : 

Calc  Observed, 

c  A  a,  001  ^  227  =  14°  35'  14"  36' 

c  A  /3,  001  A  1 12  =s  24*  29i'  24*  30^' 

Ca<J,   00lA223  =  3n6'  3^14' 

c  A  TT,  001  A  444  =  74**  39'  tS"  (approx.) 

The  new  plane  7^989,  1-f)  was  observed  on  several  crystals 
replacing  the  edge  sje  (111/101).  It  furnished  the  following 
angles : 

Calc.  Obseryed. 

*A  7,(111  A  989)=  2°  42'  2°  67' 

e  A  y,  (101  A  989)=25*'  44'  26'  29' 

Some  of  the  best  observed  angles  are  here  tabulated,  with  the 
corresponding  calculated  angles,  from  the  fundamental  angles 
above. 

Calc.  Observed. 

Ca*,  001^111=«42°20'8'  42'*20'8' 

c  A  «,  001  A  101  =  32"  47i'  32"  47' 

c  A  «,  001  A  313  =s  34°  11'  34"  8' 

*aC,  111  a  101  =s  28°  26'  28°  26i' 

fA«,  313  A  101=  10°  14'  10°  13' 

*A^  111  A  313=  18°  12'  18°  12' 

«A«,'  101  A  011=  46°  2'  45°  1' 

«  A  e,'  101  A  101  s=  65°  34'  65°  33^' 

«A«,  101  A  321=  41°  43^'  41°  42' 

Of  very  exceptional  beauty  as  cabinet  specimens  were  the 
crystals  of  rutile  found  at  a  depth  of  forty-three  feet  in  the 
shaft,  just  west  of  the  excavation  which  yielded  the  crystals 
above  described.    The  pocket  was  10x2x6  feet,  and  its  walls 

•  PhU.  Mag.,  xvii,  268.  1840. 
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were  covered  with  beautifully  crystallized  muscovite,  quartz, 
dolomite,  siderite,  apatite  and  rutile.  All  the  contents  of  this 
large  pocket  had  a  tnin  chloritic  coating,  which  could  easily  be 
removed,  in  most  instances  as  a  very  friable  shell.  The  rutile 
exhibited  twinning  according  to  both  the  known  laws,  and 
often  both  were  to  be  noticed  in  the  same  crystal.  Crystals 
with  geniculated  members  of  from  1  to  2*^"  long  and  5°^  thick 
were  not  uncommon,  and  a  few  simple  crystals  were  6^  in 
length  and  1**"  in  thickness.  All  were  terminated  with  well  pol- 
ished planes,  ^(lll)  and  c(lOl)  being  dominant  The  dolomite 
as  also  the  siderite  crystals  showed  only  the  unit  rhombohedron 
and  basal  pinacoid.  These  planes  were  very  flat  and  well  pol- 
ished, no  curvature  of  the  planes,  as  is  peculiar  to  the  species, 
being  observed.  The  rhombohedral  face  was  striated  horizon- 
tally. Twins  of  dolomite  were  common  and  calcite  crvstals 
were  observed  in  parallel  position  on  the  rhombohedral  face 
in  several  instances.  One  of  the  dolomites  measured  nearly 
10°**  on  its  edges  and  was  a  very  exceptional  example  of  the 
species.  In  this  pocket  were  found  a  few  apatiie  crystals  of 
unusual  perfection,  and  these  we  notice  in  detail. 

Apatite. — It  was  plainly  evident  from  their  loose  attach- 
ment and  perfection  of  form  that  these  crystals  were  the  last 
crystallization  of  the  pocket  For  the  most  part  they  were 
rather  long,  slender  prisms,  15  to  25™  by  2  to  4™,  of  a  pale 
bluish  green  color  and  transparent.  A  sort  of  parting  parallel 
to  the  base  was  quite  noticeable,  and  the  terminations  were  often 
highly  modified,  though,  as  a  rule,  only  with  the  more  common 
planes.  In  one  comer  of  the  pocket  a  small  group  of  musco- 
vite crystals  was  found  which  had  implanted  on  them  a  few 
very  brilliant,  wine  yellow,  transparent,  lenticular  crystals  of 
apatite.  They  were  of  an  entirely  different  habit  from  the  rest 
of  the  apatite  found,  and  one  of  these  we  have  selected  for 
measurement  and  description.  The  particular  crystal  examined 
was  quite  small,  about  2°*°*  in  diameter,  and,  with  the  exception 
of  part  of  one  side,  where  it  was  attached  to  the  mica  by  the 
prism,  was  almost  perfectly  developed  both  above  and  below. 
Its  habit  is  almost  unique,  Schrauf  *  only  figuring  one  crystal 
fig.  28,  xx)  at  all  similar.  The  pyramids  r  (1012,  i),  x  (lOH,  1), 
and  8  (II2I,  2-2)  predominated,  while  the  prisms  were  nearly 
absent  Another  interesting  fact  in  regard  to  this  crystal  is 
the  occurrence  of  both  heraihedral  prisms  h  (2130)  and  h^  (1230). 
The  planes  observed  were  as  follows : 

Basal  pinacoid,  c(0001,  0),  prisms,  7ai(10I0,/),  a  (1150,  1-2), 
A  (2130,  1-8),  A,(1230),  pyramids.  r(10I2,  i),  x(lOil),  y(2021,  2), 
2(3031,  8),  t;  (1122,  1-2),  «(1121,  2-2),  dihexagonal  pyramids, 
t;(2151,  8-1),  t(2l32,  |.|)  and  o(31i2,  2-^). 

*  Atlaa  der  Krystallformen,  Plates  X7iii  to  xx. 
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The  following  figures  give  a  good  idea  of  its  habit,  though 
in  the  perspective  figure  the  prisms  are  elongated. 


4. 


As  fundamental  angle  the  following  was  finally  decided  upon, 
it  being  the  mean  of  about  a  dozen  good  determinations. 

x^v,  (lOll  A 1152)  =s  18''  62'  giving  a :  c  ~  1 :  0'?34335.    Kokscharof  gives : 
a:c=l:0'J34603. 

The  following  list- of  angles  may  be  here  inserted : 

Calculated.  Observed. 

c^x,    0001  ^  1011  =  40"  18'  40'  15^' 

c^r,    000 1  A  1012  =  22°  58^'  22'  68^' 

c  A  y,    0001  ^  2021  ss  59-  28^'  69**  31' 

c  A  a,    0001  /^  3031  =  68"  32^'  68**  36' 

ttAV,    1120  A  1122  =  63"  42i'  63°  41^' 

aA5,    H20/.1121=34M4'  34°  13^' 

rAr',  10l2A0112a=22°  31'  22°  32' 

yA»,    2021^1121  =26°  31'  26°  35' 

y^o,   205l  A  3142  =  12°  46i'  12°  16'  (approx.) 

z  (3031),  V  (2l3l),  /  (2152),  0  (81^2)  and 
h  (2130)  were  small  and  gave  rather  poor 
images,  but  the  other  planes  were  well 
polished  and  gave  good  results. 

What  is  probably  a  cruciform  twin 
of  apatite,  from  this  locality,  was  also 
examined.  It  was  composed  of  two  slen- 
der, pale  bluish  green  crystals.  The  fig- 
ure shows  the  only  occurring  planes. 
One  crystal  was  slightly  displaced  from 
the  other,  but  the  prisms  of  both  were 
perfectly  parallel.  The  following  meas- 
urements were  made,  giving  as  a  twin- 
ning plane  s  (tl2l,  2-2).  The  first  two  measurements  are 
the  most  reliable  ; 

a»'  A  a,^  =  68°  28',  giving  twinning  plane  a  a  =  34°  14' 

«•*  A*,^  =  68°  61',       "  **  "       A  a  =  34°  26' 

m,"  A  m^  =  92°  15',       ••  "  "       ^  a  =  83°  32' 


/^^Tv\ 


Digitized  by 


Google 


Hidden  (md  WmKmgUm — Contributions  to  Mineralogy.  605 


This  case  is  interesting  as  being  the  first  recorded  case  of  a 
twin  in  the  species ;  the  agreement  between  the  measured  and 
calculated  angles  makes  it  seem  improbable  that  the  occurrence 
is  accidental. 

Beryl.  —  Together  with  crystals  of  emerald-spodumene 
(hiddenite)  found  in  one  pocket  at  this  same  locality  was  a 
clear  white  beryl,  about  1^  by  -7"°.  This  was  also  examined, 
and  a  basal  projection  is  given  in  figure  5.  It  shows  the 
rather  rare  plane  d(8364,  f  2),  which  gave  the  following  angle : 
cy^d,  0001/^8864  =  calc,  36°  48',=observ.,  ZV  T  approx. 

Oil  another  larger,  clear  white  beryl,  a  plane  wnich  is  ap- 
proximately represented  by  the  symbol  y(8*7*15'6,  f -',«-)  was 
observed  in  the  zone  «/\p' (1121a  1230).  It  was  determined 
by  the  following  angles : 


v/vf  1231 /v  s-i-IE-e 


Gala 

39'  31' 

8M6' 


Observed. 
39*  20^  (approx.) 
9*  (approx.) 


On  the  same  crystal  a  plane  was  observed  replacing  the  edge 
5/a  (1121/1120).  It  has  approximately  the  symbol  y8-716-8, 
2  Aji.  It  was  determined  by  the  following  angle:  c^  y (0001  a 
8-7-16-8)  =  48°  45'  calc,  48°  46'  observed. 


It  is  noteworthy  that  the  highly  modified  beryls  of  this 
region  only  occur  rarely  and  when  associated  with  spodu- 
mene  or  albite.  Another  interesting  feature  is  that  white  or 
very  pale  greenish  beryls  nre  found  with  the  deepest  green 
spodumene.  It  has  before  been  noted  that  the  quartz  and 
beryl  of  Alexander  Co.  are  more  highly  modified  when  they 
are  implanted  on  the  feldspathic  layers  of  the  walls  of  the 
pockets.  Two  emerald  beryls  were  examined  which  were 
lound  in  1881,  at  a  depth  of  84  feet,  in  a  little  pocket  whose 
walls  were  almost  wholly  covered  with  crystals  of  albite 
twinned  parallel  to  the  base.  Only  four  emeralds  were  found, 
and  they  averaged  about  1*°*  in  the  three  dimensions.     The 


Digitized  by 


Google 


506  Hidden  amd  Washington^ — Contributions  to  Mvner(dogy. 

pocket  was  free  from  all  decomposiiion  whatever.  The  crystals 
were  of  good  color,  transparent,  and  had  the  commoner  planes 
well  polished.  Thej  differed  to  some  extent  in  habit,  and  fig- 
ures 6  and  7  show  the  occurring  planes  on  two  of  them,  though 
the  berylloids  are  much  exaggerated,  and  the  basal  pinacoid 
reduced  ip  size. 

The  occurring  planes  were  as  follows : 

c(0001,  0),  m  (lOiO,  /),a(ll20,  t-2),  i(2l30,  if),  5(ll2l, 
2-2),  iJ*(l-0-M2,  i^\  ;)(10I1,  1),  u(2051,  2),  n(3l4l,  4.f), 
i;(3l2l,  3-1),  x*r8-7-l6-7,  J^.J^),  A  (4261,  6-f),  3  (4263,  2-f). 

The  plane  (8'7'i5*7)  was  rounded  somewhat,  as  was  the  case 
with  (5'4-9'4)  observed  by  vom  Rath.  This  plane,  new  to  the 
species,  and  whose  symbol  can  be  regarded  as  only  approxi- 
mately determined,  gave  the  following  angles: 

Calculated.  Observed. 

X^X',  8-7-I5-7  A  7-8-15'7  =  S*'  W  3'  50'  (approx.) 

8^X^     1121      ^  8-7-i6-7  =  2*  33'  2°  60'        " 

The  new  pyramid  of  the  first  series  was  determined  as  follows : 
c  A  V,  0001  A  1-0-I12  =  2'  46'  calc.     2'  62'  observed. 

A  list  of  the  angles  observed  with  the  corresponding  ones  cal- 
culated from  Kokscharofs  measurements  is  here  given : 

Calculated.  Observed. 

Crsp,  0001  A  1011  =  29"  56i'  29-  56' 

c  ^  tt,  0001  A  2021  =  49"  2i'  49"  6' 

Ca*,    0001  a  1121  =44' 66'  44' 62' 

mA«,    10I0a1121  =  52*' 11'  62*' 7' 

WaV,    10l0A2131  =  37"42i'  37' 39' 

m  a  n,   lOlO  A  3141  =  28**  64^'  28°  65' 

OaA;,   1120A4261=2r  6'  21**  4' 

It  was  a  noteworthy  fact  that  on  all  these  beryls  the  prism 
m  (1010)  was  perfectly  smooth,  while  the  prism  a  (II2O)  was 
etched  over  the  whole  surface  with  shallow  isosceles-triangular 
pits,  apex  up  and  broader  than  high. 

Tourmaline. — Some  well  polished  black  crystals  were  found 
implanted  in  cavities.  They  gave  such  excellent  measurements 
that  the  comparison  of  the  results  obtained  from  them  with 
those  of  Des  Cloizeaux  is  not  without  interest 

J                                       H.  S.  W.  Des  Cloizeaux. 
a :  c  =  1 :  0-89905 

-^/?A  -i/?i^(l0l2  A  I102)  =47"  1'  45'  46**  62' 

—\R^^R         (1012^01 14)  =  23' 30'  23' 26' 

O^R                 (0001  A  0111)  =  46^  4'  45*57' 

R^R                 (0111aI011)  =  77M1'  76'*  69' 

i?A-ii2           (01I1a1012)  =  38'36'  38**  29^' 

The  largest  crystal  was  only  6*™  long  by  12°"  thick.  Some 
few  were  noticed  to  be  hemimorphic  in  the  terminal  planes. 
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The  basal  pinacoid  was  rare,  —\R^  \R  and  R  predominated. 
One  crystal  was  terminated  almost  wholly  by  \R. 

QuABTZ. — Vom  Raih  has  already  called  attention  to  the  oc- 
currence of  the  plane  ^,  =  (4i30)  i-^  on  quartz  crystals  from 
Alexander  County,  North  Carolina.*  Its  best  development 
seems  to  have  been  found  on  crystals  from  the  gem  mine,  in 
Sharpens  township.  Thus  far  this  plane  has  been  described  as 
"  a  hemihedral  twelve-sided  prism,"  and  its  fine  vertical  stria- 
tion  and  often  observed  right-angled  intersection  with  the  trap- 
ezohedron  4-|  (4i3l)  at  once  characterized  it  and  made  it  easily 
recognized.  Quite  recently  we  have  obtained  several  crystals, 
from  this  same  locality,  which  apparently  presented  this  plane 
Jwlohedral^  in  pairs  on  each  consecutive  prismatic  edge,  instead 
of  on  alternate  edges  as  before  noted. 

Vom  Bath's  measurements  gave  as  the  angle  of  k^^g{I) 
13°  52'  (calculated  IS*"  540,  while  we  found  A,  a  A,  adjoining 
=  31°  (calculated  32°  12').  One  of  the  new  crystals  (8x4i^) 
exhibited  this  rare  plane  IS""""  wide  and  19°^  long. 

We  add  also  to  this  paper  notices  of  a  new  plane  on  topaz 
and  a  twin  of  corundum. 

Topaz. — This  was  a  clear  white  crystal  of  about  1x2^, 
which  was  sent  to  us  from  the  noted  locality  near  Zacate- 
cas,  Mexico,  where  they  are  found  in  the  detritus  of  trachyte 
very  similar  to  the  occurrences  in  Utah  described  by  Ailing  f 
and  in  Colorado  by  Cross.  This  crystal  had  the  usual  habit  of 
topazes  from  Durango.  Replacing  the  solid  angle  formed  by 
110,  110,  and  201,  there  was  observed  a  new  plane  which  has 
the  symbol  (701,  7-t).  A  comparison  of  its  observed  and  cal- 
culated angles  is  here  given  : 


Calculated. 

Observed. 

001  A  101 

80'  58' 

81^6' 

110^701 

8**  29i' 

8'3r 

Corundum. — A  twin  of  corundum  was  found  among  a  lot  of 
gem  material  received  from  Ceylon.  Its  high  polish  and 
twinned  form  are  features  rarely  observed  in  the  speciea  It 
was  of  a  clear  grayish  blue  color.  Both  basal  pinacoids  were 
present  and  were  highly  polished.  The  angle  observed  be- 
tween the  two  was  114°  20',  giving  as  a  twinning  plane  the 
unit  rhombohedron. 

•  Sitzungsberichte  der  Niederrhein.  (Jesellsch.  f.  Nat.-u.  Heilkunde,  6  July, 
1885.    Zeitschrift  fOr  KiystaUographie,  etc.    xii,  456. 
t  This  Journal,  IH,  xxx,  146,  1887. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

\.  On  the  decomposition  qf  Potassium  chlorate  by  heat. — At 
the  suggestion  of  Thorpe,  Feankland  (P.  F.)  and  Dingwall 
have  studied  the  decomposition  which  potassium  chlorate  imder- 
goes  when  heated,  extending  their  observations  also  to  the  per- 
chlorate.  In  the  first  series  of  experiments,  the  chlorate  was 
heated  over  a  naked  flame,  different  quantities  of  oxygen  being 
driven  ofi*  in  each  experiment  and  determined  by  loss  of  weight. 
The  chloride  formed,  as  well  as  the  chlorate  remaining,  were 
also  determined.  In  the  first  two  experiments,  2*66  and  5*19 
per  cent  of  oxygen  (calculated  on  the  weight  of  KCIO,  taken^ 
were  evolved  respectively.  And  the  decomposition  proceeded 
according  to  the  equation  (KC10,),=(KC10J,+(KCl),+(0,)^ 
In  the  third,  in  which  6*47  per  cent  of  oxygen  was  evolved,  the 
reaction  was  intermediate  in  its  results  between  the  above  equation 
and  (KOlO,)„=(KClO,).+(KCl),+(0,),.  Since  there  was  no  guar- 
antee in  these  experiments  that  the  reaction  was  not  complicated 
by  the  decomposition  of  the  perchlorate  at  first  formed,  the  authors 
made  a  second  series  of  experiments,  selecting  as  the  temperature 
that  of  boiling  sulphur,  since  at  this  temperature  the  perchlorate  is 
not  decomposed.  The  decomposition  was  at  first  active,  but  soon 
became  sluggish.  lu  <>ne  experiment  5*3345  grams  of  chlorate 
exposed  in  the  sulphur  bath  for  98  hours,  lost  116*6  milligrams 
during  the  first  five  hours,  and  only  8  milligrams  during  the  last. 
In  the  first  two  experiments,  in  which  6*89  and  6*78  per  cent  of 
oxygen  were  respectively  evolved,  the  reaction  took  place  nearly 
in  accordance  with  the  second  of  the  above  reactions.  In  the 
third  experiment,  powdered  glass  was  mixed  with  the  chlorate ; 
and  then  the  decomposition  was  almost  complete,  14*3  per  cent 
of  oxygen  being  evolved,  nearly  according  to  the  formula 
(KC10X=KC10,+KCl+0,.  Hence  the  decomposition  of  potjis- 
sium  cnlorate  by  heat  more  nearly  approaches  the  equation 
(KC10,),=KC10^+KCl+0,  in  proportion  as  this  decomposition 
is  more  complete.  In  experimenting  with  perchlorate,  definite 
portions  were  heated  over  a  naked  flame  in  a  piece  of  combustion 
tube  sealed  at  one  end  and  loosely  plugged  with  glass-wool  at 
the  other,  a  difierent  proportion  of  oxygen  being  liberated  in 
each  experiment.  In  the  residue  the  proportion  of  chloride  to 
chlorate  was  determined.  The  results  when  tabulated  form  a 
continuous  series ;  the  proportion  of  chlorate  formed  diminishes 
as  the  oxygen  evolved  increases,  while  the  chloride  produced 
increases.  When  the  oxygen  set  free  was  8*77  per  cent,  the  chlo- 
rate formed  was  24*85  per  cent  of  the  perchlorate  employed ;  but 
when  36*81  per  cent  of  oxygen  was  evolved,  the  chlorate  was 
only  5*27  per  cent.  Heating  the  perchlorate  in  sulphur  vapor, 
when  previously  mixed  with  MnO„  resulted  in  a  complete  decom- 
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SoeitioD  according  to  the  equation  KC10^=KCl+(0,),.  To 
emonstrate  beyond  question  this  formation  of  chlorate,  the  per- 
chlorate  was  heated  until  it  lost  about  10  per  cent  of  its  weiajht, 
then  dissolved  in  water  and  fractionally  crystallized.  The  third 
fraction  contained  41*68  and  the  fourth  42*91  per  cent  of  chlorate. 
— J,  Chem,  8oc.,  li,  274,  March,  1887.  g.  p.  b. 

2.  On  the  Influence  of  Silicon  on  the  Properties  of  Iron  and 
SUel — ^TuENBE  has  made  experiments  at  the  South  Staffordshire 
Steel  and  Ingot  Iron  Company's  works  at  Bilston,  to  determine 
the  influence  which  silicon  exerts  upon  the  properties  of  iron  and 
Bteel,  A  small,  modified  Deville  furnace  was  erected  on  the  plat- 
form between  two  Bessemer  vessels.  The  crucibles  used  were  of 
Stourbridae  fire  clay,  and  were  capable  of  holding  about  35  ' 
pounds  of  steel.  After  the  necessary  annealing  the  pot  was 
placed  in  the  furnace  and  raised  to  about  the  melting  point  of 
cast  iron.  A  few  minutes  before  the  mixture  was  to  be  made,  a 
weighed  quantity  of  silicon  pig  was  introduced  into  the  crucible 
and  the  temperature  was  increased  by  turning  on  more  blast. 
At  the  right  moment  the  crucible  was  rapidly  removed  from  the 
furnace  and  brought  to  the  mouth  of  the  converter,  while  at  the 
same  time  a  ladle  of  metal  was  drawn  from  the  vessel.  This 
was  poured  into  the  crucible  and  the  metal  well  stirred  by  means 
of  a  rod  of  basic  steel.  After  cooling,  the  crucible  was  broken 
and  the  ingot  numbered.  Each  ingot  was  submitted  to  mechan- 
ical tests  and  was  carefully  analvzed.  The  author  concludes  that 
on  adding  silicon  in  the  form  of  silicon  pig  to  the  purest  Besse- 
mer iron,  the  metal  is  quiet  in  the  mould  even  when  only  a  few 
hundredths  per  cent  of  silicon  is  added.  The  metal  is  originally 
red-short,  especially  at  a  dull  red  heat,  though  it  works  well  at 
a  welding  teibperature;  the  red  shortness  being  increased  by 
silicon.  In  all  cases  examined  the  metal  wa6~  tough  cold  and 
welded  well,  the  silicon  having  little  or  no  influence.  Silicon 
increases  the  elastic  limit  and  tensile  strength,  but  diminishes 
the  elongation  and  the  contraction  of  area,  a  few  hundredths  per 
cent  having  a  remarkable  influence  in  this  respect.  The  appear- 
ance on  fracture  by  tensile  force,  is  changed  from  finely  silky  to 
crystalline,  while  the  fracture  produced  by  a  blow  gradually  be- 
comes more  like  that  of  tool  steel  as  the  silicon  increases.  The 
hardness  increases  with  increase  of  silicon,  but  appears  to  be 
closely  connected  with  the  tenacity.  With  0*4  per  cent  of  silicon 
and  0*2  per  cent  of  carbon,  a  steel  was  obtained  difficult  to  work 
at  high  temperatures,  but  tough  when  cold,  capable  of  being 
hardened  in  water,  and  giving  a  cutting  edge  which  successfully 
resisted  considerable  hard  usage, — J,  Chem.  Soc,  li,  129,  Febru- 
ary, 1887.  G.  p.  B. 

3.  Agriculture  in  some  of  its  relations  with  Chemistry ;  by 
If.  H.  Stoebk,  S.B.  A.M.,  Prof.  Agric.  Chem.  Harvard  Univers- 
ity. Two  volumes,  530  and  510  pp.,  8vo.  New  York,  1887 
(Scribner's  Sons). — This  work,  by  the  able  Professor  of  Agri- 
cultural Chemistry  in  Harvard  University,  is  a  contribution,  of 
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high  scientific  value,  on  practical  agriculture.  The  author  under- 
stands his  subject  through  all  the  wide  range  of  reqairements, 
and  largely  as  the  result  of  personal  investigation  and  experi- 
mental trials.  He  commences  with  the  relations  of  soil  and  air 
to  the  plant,  treats  of  the  atmosphere  as  a  source  of  plant  food, 
of  movements  of  water  in  the  soil,  of  tillage,  of  the  wide  subject 
of  manures  or  fertilizers,  as  to  kinds,  preparation,  effects,  con- 
ditions of  use,  materials  in  the  soil,  nearly  500  pages  being  de- 
voted to  these  and  related  topics ;  also  of  the  rotation  of  crops, 
the  character  and  needs  of  various  kinds  of  farms,  farming  and 
crops.  The  work  is,  hence,  one  for  the  practical  farmer,  the 
landscape  gardener  and  the  student  of  scientific  agriculture,  and 
also  for  the  large  class  not  farmers  who  like  to  know  what  is 
going  on  in  their  cultivated  grounds,  and  what  are  the  best 
methods  of  improvement.  Professor  Storer's  Preface  gives  high 
praise  to  the  work  and  works  of  Professor  S.  W.  Johnson,  of 
New  Haven;  and  the  opinion  expressed  we  know  to  be  fully 
reciprocated  by  the  agricultural  department  at  Yale,  with  refer- 
ence to  the  labors  of  Professor  Storer  of  Harvard. 

4.  Studies  from  the  Laboratory  of  Physiological  Chemistry ^ 
Sheffield  Scientific  ScJiOol  of  Yale  University^  for  the  year  1885- 
86.  Edited  by  Professor  R.  H.  Chittenden,  Ph.D.  Volume  H, 
236  pp.  8vo.  New  Haven,  1887.  (From  the  Transactions  of  the 
Connecticut  Academy,  vol.  vii.)— This  volume,  like  its  prede- 
cessor, noticed  in  the  Journal  for  August,  1886,  bears  witness  to 
the  unusual  degree  of  activity  in  original  research  in  Professor 
Chittenden's  laboratory.  The  papers  contained  in  it  are  ten  in 
number.  The  first,  on  globulin  and  globulose  bodies,  and  the 
second,  on  peptones  (republished  from  the  Zeitschrift  fttr  Biologic) 
are  by  Professors  Ktthne  (Heidelberg)  and  Chittenden,  and  form 
a  continuation  of  previous  work  by  the  same  authors  upon  albu- 
mose  bodies,  and  at  the  same  time  are  a  commencement  of  a  study 
of  the  various  primary  cleavage  products  formed  by  the  action  of 
pepsin  from  the  purer  albumins.  The  other  papers  are  upon  a 
variety  of  more  or  less  closely  related  topics,  the  dehydration  of 
glucose  in  the  stomach  and  intestines,  by  Professor  Chittenden ; 
on  the  influence  of  uranium  salts  on  the  amylolytic  action  of  sa- 
liva, and  the  proteolytic  action  of  pepsin  and  trypsin,  by  Professor 
Chittenden  and  M.  T.  Hutchinson ;  the  relative  distribution  of 
antimony  in  the  organs  and  tissues  of  the  body,  also  on  the  influ- 
ence of  antrraonious  oxide  on  metabolism,  by  Professor  Chitten- 
den and  Joseph  A.  Blake,  and  a  number  of  others.  It  has  not 
often  been  possible  for  a  laboratory  to  give  to  the  world  within 
a  short  period  so  important  a  series  of  contributions  as*  are  con- 
tained in  these  two  volumes. 

II.   Geology  and  Natural  History. 

I.  To  all  American  Geologists. — At  a  meeting  of  the  Amer- 
ican Committee   (elected    by  the  Standing  Committee   of  the 
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American  Association  for  the  Advancement  of  Science  to  repre- 
sent American  Geology  in  the  International  Congress  of  Geolo- 
fists)  held  in  Albany  on  April  6,  there  were  present,  Professor 
ames  Hall  (President),  Professors  Hitchcock,  Stevenson,  Wil- 
liams, Winchell,  Cook,  Cope  and  Frazer  (Secretary).  Professors 
Emerson  and  Smock,  Clarke,  Dr.  Rominger  and  Mr.  Beecher 
were  invited  to  be  present  at  the  sessions  of  the  Committee.  By 
ananimous  vote  Mr.  W.  J.  McGee  was  invited  to  take  the  place 
of  Major  Powell,  who  was  prevented  by  sickness  from  attending. 

The  Secretary  announced*  that  there  had  been  forty-five  sub- 
Bcribers  for  fifty  copies  of  the  geological  map  of  Europe. 

A  motion  was  adopted  abolishing  the  Committee  of  the  Whole 
and  its  officers,  and  entrusting  the  duty  of  preparing  reports  on 
the  separate  divisions  of  the  geological  column,  to  eight  Report- 
ers, who  were  thereupon  unanimously  elected  (see  card  to  (Geol- 
ogists below). 

The  following  was  adopted  by  the  Con^mitte :  Besolved,  That 
we  recommend  to  American  geologists  the  acceptance  of  the  con- 
clusions of  the  International  Congress,  said  changes  to  be  form- 
ulated at  a  subsequent  meeting  of  the  Committee ;  and  it  being 
understood  that  the  Committee  will  present  such  additions  as 
are  deemed  necessary  by  American  geologists,  to  the  Congress 
of  London  in  1888. 

2.  International  Congress  of  Geologists  —  American  Com- 
mittee.  Philadelphia,  April  22,  1887. — At  the  recent  meeting  of 
the  American  Committee  in  Albany,  "  Reporters"  were  elected, 
whose  dutjr  is  to  prepare  reports  on  the  several  parts  into  which, 
for  convenience,  tne  geological  column  has  been  divided.  The 
assignment  is  as  follows :  Quaternary,  Recent,  ArchsBology, 
Major  Powell,  D'r  U.  S.  G.  S.,  Washington,  D.  C. ;  Cainozoio 
(Marine),  Professor  E.  A.  Smith,  State  Geol.  Univ.  Ala.,  Tusca- 
loosa; Cainozoic  (Interior),  Professor  E.  D.  Cope,  2102  Pine  St., 
Philadelphia  ;  (Mesozoic),  Professor  Geo.  H.  Cook,  State  Geol. 
Rutgers  Coll.,  New  Brunswick,  N.  J. ;  Upper  Palseozoic ;  Car- 
bonic, Professor  J.  J.  Stevenson,  Univ.  City  of  New  York,  N.  Y. ; 
Devonic,  Professor  H.  S.  Williams,  Cornell  Univ.,  Ithaca,  N.  Y. ; 
Lower  Palaeozoic,  Professor  N.  H.  Winchell,  St.  Geol.  Univ.  of 
Minn.,  Minneapolis ;  Archaean,  Dr.  Persifor  Frazer,  201  South  6th 
St.,  Philadelphia,  Pa. 

It  is  the  duty  of  these  Reporters  to  obtain,  each  for  his  own 
subject,  as  complete  information  as  possible  from  American  geolo- 
gists interested  in  it ;  but  on  account  of  the  difficulty  of  ascer- 
taining the  names  of  all  who  have  informatioir  to  impart  on  a 
particular  topic,  it  will  not  be  possible  to  address  letters  to  more 
than  a  few  of  those  who  are  known  to  have  studied  a  subject. 
For  this  reason  each  of  the  undersigned  appeals  to  all  his  pro- 
fessional brethren  for  aid  in  preparing  the  report  which  is  en- 
trusted to  him.  It  is  not  possible  that  any  single  scheme  will 
be  approved  by  all  geologists,  and  therefore  it  is  the  more  nec- 
essary that  there  should   be  a  fair  statement  of  any  opposing 
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views  in  each  report.  These  reports  will  be  submitted  to  criti- 
cism and  discussion  at  the  next  meeting  of  the  American  Con^^ 
mittee,  to  be  held,  probably,  next  August,  and  an  effort  is  being 
made  to  have  them  discussed  formally  in  Section  E  at  the  meet- 
ing of  the  American  Association  lor  the  Advancement  of  Science, 
to  be  held  afterwards.  With  such  advantages  for  knowing  the 
views  of  our  countrymen,  there  seems  every  prospect  that  the 
American  representation  at  the  next  Congress  will  exercise  an 
influence  proportional  to  the  importance  of  its  constituency. 

Geologists  who  have  convictions  aj  to  classification,  nomencla- 
ture, coloration  or  any  of  the  numerous  subjects  brought  before 
the  last  Congress  (which  are  similar  to  those  to  be,  brought 
before  the  next),  or  who  believe  that  the  Congress  has  erred 
in  any  of  its  recommendations,  or  who  have  original  observa- 
tions or  deductions  bearing  upon  any  part  of  the  seven  subjects 
above  assigned  to  Reporters,  are  earnestly  requested  to  commu- 
nicate their  views  as  soon  as  possible  to  the  Keporter  having  in 
charge  the  subject  to  which  they  relate.  Those  who  neglect  to 
do  this  cannot  justly  complain  if  their  peculiar  views  are  neg- 
lected in  the  reports. 

Gborge  H.  Cook,  J.  J.  Stevenson,  H.  S.  Williams,  Per- 
siPOB  Fbazer,  N.  H.  Winchell,  E.  D.  Cope,  Eugene  A.  Smith, 
Beporters. —  Communicated  by  the  Secretary y  Dr,  Frazer. 

3.  A  Marine  Biological  Laboratory, — The  great  importance  of 
a  Marine  Biological  Laboratory  at  some  point  on  the  New  England 
coast  for  instruction  and  investigation  has  led  to  the  selection  of 
a  board  of  Trustees  for  the  management  of  such  a  laboratory^ 
consisting  of  Prof.  Wm.  G.  Farlow,  Miss  Florence  M.  Cushing, 
Prof.  A.  Hyatt,  Dr.  C.  Minot,  Miss  S.  Minns,  Prof.  Wm.  T. 
Sedgwick,  and  also  of  a  committee  for  the  raising  of  the  neces- 
sary funds  and  construction  and  arrangement  of  the  laboratory, 
of  which  Prof.  Hyatt  is  chairman.  The  laboratory,  which  has 
been  in  successful  operation  since  1881,  at  Annisquam,  will  be 
merged  in  the  new  institution.  The  special  location  has  not  yet 
been  designated.  The  circular  which  has  been  issued  states  that 
the  estimated  cost  of  location,  building  and  equipment  is  seven 
thousand  five  hundred  dollars ;  and  a  like  amount  for  carrying 
on  the  work  for  five  years.  "^The  committee  therefore  desire  to 
raise  the  sum  of  fifteen  thousand  dollars  and  request  subscriptions 
for  that  purpose  from  all  those  who  are  interested  in  improving 
the  methods  of  education  and  contributing  to  the  advancement  of 
science.  Subscriptions  toay  be  sent  to  Samuel  Wells,  Esq.,  31 
Pemberton  Square,  Boston,  Mass.  There  ought  to  be  no  diffi- 
culty in  raising  twice  this  sum. 
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transmission  of.  307. 

Electrometers,  aperiodic,  307. 

Electromotive  force  of  voltaic  arc,  237. 

Electrostatic  and  electromagnetic  units,  152. 

Emerson,  J.  S.,  Kilauea  after  eruption,  1886, 
87. 


Fewke?,  J.  W.,  new  Rhizostomatous  Medusa, 

119. 
Fossil,  see  Geology. 

G 

Galvanometer,  new  form  of,  70. 

Gattinger,  A.,  Tennessee  flora,  426. 

Geological  Annual,  Agincourt.  159. 

Geological  Congress,  international,  157,  511. 

Geological  map  of  United  States,  77 ;  of  Berk- 
shire, 39.'*. 

Gbolooioal  Reports  and  Survets— Ala- 
bama, 78;  Canada,  316;  Minnesota,  159; 
New  Jersey,  79 ;  Western  Texas,  73. 

Geologt— 
California,  northern,  152. 
Coal,  age  of.  White.  18. 
Cross-timbers,  Texas,  geology  of.  Hill,  291. 
Drift,  Irish  Ksker,  Kinahan,  276. 
Eozoonal  rock,  Manhattan  island,  Omtacap^ 

374. 
Faults  of  Southwest  Virginia,  Sievendcm,  262. 


Geology — 

Faunas  and  floras,  fossil.  White,  364. 

Fossil  tree-trunk  in  hydromica  schist,  158. 

Ice  period  in   Altai  mountains,   165;    of 
North  America.  77. 

Invertebrates  of  N.  A.  Jurassic  79. 

Mammals,  American  Jurassic,  Marsh,  327. 

Mountain  limestones,  Penn.,  158. 

Moraines,  terminal,  Maine,  Stone,  378. 

Palieocrinoidea,  154. 

Paradoxides,  Acadian,  Matthew,  388,  390. 

Taconic  rocks  and  Slratigraphv,  Dana,  270, 
393. 

Taconic  system,  Walcott,  153. 
Gilbert,  G.  K.,  special  processes  of  research, 

452. 
Glacier,  the  Muir,  Wright,  1. 
Glass,  decomposition  of,  by  carbonic  acid,  68. 
Goebel,  K.,  Classification  and  Morphology  of 

Plants,  427. 
Goodale,  G.  L.,  living  protoplasm  subjected  to 

action  of  liquids,  144. 
Gratacap,  L.  P.,  eozoonal  rock  of  Manhattan 

island,  374. 
Gray.  A.,  botanical  notices,  80,  162,  244,  318, 

425;  botanical  necrology,  164. 
Greene,  E.  L.,  Pittouia,  426. 


Harding,  S.  L..  bichromate  of  soda  cell,  61. 

Heilprin.  A.,  Distribution  of  Animals,  342. 

Henry,  Joseph,  scientific  writings  of,  325. 

Hidden.  W.  E.,  Mazapil  meteoric  iron,  221 ; 
contributions  to  mineralogy,  501. 

Hill,  R.  T.,  geology  of  the  Cross-timbers  in 
northern  Texas,  291. 

Hitchcock,  C.  H.  geol.  map  of  U.  States,  77. 

Hooker,  J.,  Primer  of  Botany,  83 ;  Iconee 
Plantarum,  163,  244, 318 ;  Bentham's  Hand- 
book of  British  Flora,  319. 

Howell,  T.,  Plants  of  Oregon,  etc.,  319. 

Huntington,  0.  W.,  Coahuila  meteorites,  115. 


Iddings,  J.  P.,  Lithophysse  and  lamination  of 

acid  lavas,  36. 
Iron,  behavior  of,  under  magnetic  forces,  422 ; 

naturally  reduced,  J)/rreU,  73 ;  nickeliferous 

metalhc,  IJlrich.  244;   influence  of  silioon 

on  properties,  509. 


Kinahan,  G.  H.,  Irish  Esker  drift,  276. 
Kirkwood,  D.,  origin  of  comets,  60. 
Kokscharow,  N.  von,  Mineralogie  RusaUuids, 

424. 
Kunz,  G.  F.,  meteoric  iron,  Augusta  Co.,  Va^ 

58;  Johnson  Co.,  Arkansas,  494;  Kentucky 

and  Mexico,  228. 
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Laboratory,  proposed  N.  England  Marine  Bio- 
logical, 512;  of  Pliysiological  Chemistry, 
Now  Haven,  Studies  from,  511. 

Lakes,  the  great  N.  American,  Scherm^horn, 
278;  Alpine.  431. 

Lawson,  A.  C,  geology  of  Rainy  Lake  region, 
473. 

Lea,  M.  C,  red  and  purple  chloride,  bromide 
and  iodide  of  silver,  349 ;  photosalls  of  sil- 
ver and  latent  photographic  image,  480; 
photobromide  and  photrnodide  of  silver,  489. 

Light,  wave-length  of,  Bell,  167;  Rowland, 
182. 

liithophjBaj,  origin  of.  Iddings,  36. 

Loew,  K.,  Hlumeiib'esuch  von  Insecten  und 
Frielandpflauzen,  162. 

Loomis,  E.,  contributions  to  meteorology,  247. 


McCalley.  H..  Warrior  Coal  Field,  78. 

Marsh,  0.  C,  American  Jurassic  mammals, 
327. 

Matthew,  G.  F.,  Acadian  Paradoxides,  388 
Paradoxides  (Olenellus?)  Kjerulfl,  390. 

Metallic  deposits  by  electrical  discharges,  7 1 

Meteoric  iron,  Johnson  Co.,  Arkansas,  Kunz^ 
494;  W^t(/feW,  500;  Allen  Co.,  Kentucky 
Whitfieid,  500;  Carroll  Co.,  Kentucky, 
Kunz^  228 ;  Amherst  Co ,  Virginia,  Kunz, 
58;  Mazapil,  Mexico.  Hidden,  221:  Coa- 
bulla,  Mexico,  Huntington,  115;  Catorze, 
Mexico,  Kunz,  228. 

Meteorology,  contributions  to,  Loomis,  247. 

Meteors,  form  of  area  in  the  heavens,  325. 

MiNBRALS— Apatite,  160,  503;  Aquamarine, 
Colorado,  161  :  .\ugite  in  rocks,  Van  Hise^ 
385;  Awaruite,  244;  Barite.  hemimorphic 
crystals.  288;  Beryl.  159,  505;  Biamutite, 
290;  Brochantite,  287  :  Caracolite,423;  Ce- 
lestite,pink,286;  Cerargyrite,  pseudomorphs, 
289;  Cinnabar,  natural  solutions  of,  199; 
Corundum,  507  ;  Fuchsite,  284 ;  Gold,  nat- 
ural solutions  of,  199;  Harstigite,  424; 
Hornblendes  in  rocks.  Van  Hise,  385; 
Kaliophilite,  423;  Kaolin,  action  of.  on 
alkali-chlorides,  419;  Monazite,  160;  Mur- 
sinskite,  424;  Orthoclase.  243;  Pectolite, 
287;  Phenacite,  130;  Quartz,  507 ;  Rutile, 
161,  501;  Schorlomite.  425;  Schungite,  424 ; 
Scorodite,  290:  Spodumene,  160;  Strom- 
eyerite,  79 ;  Stiivenite.  80 ;  Topaz,  Mexico. 
607;  of  Utah,  146;  Tourmaline,  160;  506; 
Xenotime,  161;  Zinkenite,  287. 

Morphology,  Journal  of,  84. 

Muller,  von,  Myoporineous  Plants  of  Australia, 
164. 

Museum  of  Comp.  Zoology,  Bulletin,  165. 


Newberry,  J.  S.,  N.  .\merica  in  ice  period,  77 
New  South  Wales,  Journal  of  R.  Soc.,  85. 
Newton.  If.  A.,  astronomical  notices,  428. 
Nipher,  F.  E.,  Theory  of  Magnetic  Measure- 
ments, 84. 


Obituaky— Eichler,  A.  W.,  427:  Hanee, 
Henry  Fletcher,  1 65 ;  Harding,  Selwyn  L., 
166;  Hillebraud,  Wm ,  164;  Lea,  Isaac, 
85;  Morren,  Edouard,  164;  Newbould,Wm. 
W.,  164;  Oppolzer,  Theodor  von,  166; 
Orphanides,  T.  G.,  165;  Phillips,  John 
Arthur,  326;  Tolmie,  W.  F..  244:  Tucker- 
man,  Edward,  165;  Wigaud,  J.  W.  Albert, 
165;  Youmans,  B.  L.,  166. 

Oliver,  Treatise  on  Algebra,  325. 


Patterson,  H.  N.,  Check-List  of  N.  A.  Plants, 

244. 
Pendulum,  nearty  perfect  simple,  2.'<8. 
Penfleld,  S.  L.,  phenacite  from  Colorado,  130. 
Photography  by  phosphorescence,  307. 
Polarization  by  double  image  prisms,  237. 
Poulton,  E.  B.,  gilded  chrysalides,  321. 


Quicksilver  pump,  new,  151. 


Rath.  G.  vom.  North  Carolina  minerals,  159. 
Rattan,  V.,  West  Coast  Botany,  319. 
Reade,  T.  M.,  Origin  of  Mountain  ranges,  240. 
Rocks — 

Crystalline,  of  Rainy  Lake  Region,  473. 

Kruptive  Tertiary,  granitic  structure  in,  315. 

Lavas,  lamination  of  acid,  Iddings,  36. 

Noritos,  near  Peekskill,  N    Y.,    Williams, 
135,  191,  243. 

Quartzose  basalt.  Northern  California,  DH- 
let,  45. 

Texture  of  massive,  Becker,  50. 
Rock  wood.  C.  G.,  Charleston  eartliquake,  71. 
Rowland,  H.  A.,  relative  wave-length  of  lines 

of  solar  spectrum,  182;  water  battery,  147. 
Russell,   I.   C,   Geological   History  of  Lake 

Lahontan,  242. 

S 

Schermerhorn,  L.  Y.,  physical  characteristics 
of  the  Great  Lakes,  278. 

Schott,  C.  A.,  magnetic  dip  in  N.  America, 
430. 

Shaler,  N.  S.,  fiuviatile  swamps  of  New  Eng- 
land, 210. 

Sherman,  0.  T.,  atmosphere  of  /3  Lyrae,  126. 
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Smith,   W.  B.,  crystal  beds  of  Topaz  Butte, 

134. 
Soil,  nitrifying  organisms  in,  420. 
Spectral  lines,  distinction  between  solar  and 

terrestrial,  70. 
Spectroscope,  now  universal  chemical,  67. 
Spectrum,  solar,  relative  wave- length  in  lines 

o^,* Rowland,  182. 
Steel,  behavior  of  under  magnetic  forces,  422 ; 

viscosity  and  temper  of,  Barus  and  Strou- 

hal,  20,  H08;  effect  of  silfcon  in  properties 

of,  509. 
Stevenson,  J.  J.,  faults  in  southwest  Virginia, 

202. 
Stone,  G.   11.,   icrtninal  moraines   in   Maine, 

378. 
Sti»rer.  F.  II.,  Agriculture,  432,  509. 
iStroulial,  v.,  viscosity  and  temper  of  steeL  I'O. 
Sun,  heat  of,  423. 
Swamps,  fluviatile,  Xew  England,  Shaler,  210. 


Tascheuberg,   0.,   Biblioth«»ca  Zoologica,    II, 

■J45. 
Temper  and   viscosity   of  steel,   Barua  and 

Strouhal,  20. 
Todd,  h.  P.,  observations  of  eclipse,  1887,  in 

connection  with  electric  telegraph,  220. 
Topaz  Butte,  crystal  beds  of,  SmUh^  134. 
Trowbridge,  J.,  physicjil  abstracts,  70,   151, 

237,  307,  422. 
Tyrrell,  J.  B.,  naturally  reduced  iron,  7«. 


Ulrich,  G.  H.  F.,  metallic  iron,  New  Zealand, 
244. 


Van  Hise,  C.  R..  enlargements  of  hornblendes 

and  aiigites  in  rocks,  386. 
Van  Slyke,  L.  L.,  Kilauea  after  eruption  of 

1886,  95. 


Volcanic  action,  Dana^  102 
Volcanic  glass  changed  to  pumice,  76. 
Volcano,  Kilauea  after  eruption.  1886,  Rmer- 
son.  Van  Slyke  and  Dodge,   87 ;  Dana, 
102,  239,  433. 
Rniption  of  Manna  Loa,  310. 
Kruption  of  Niua-fu.  311. 
Vesunus,  relations  of  to  Kilauea,  Z>ana,  102. 


w 

Wachsmuth's  Palseocrinoidea,  review  of,  154. 

Walcott,  C.  D..  Taconic  System,  153;  Cam- 
brian  Faunas  of  N.  .\meriea,  158. 

Washington,  H.  S..  contributions  to  mineral- 
ogy, 501. 

Water  battery,  Rowland^  147. 

Water,  freezing  of  aerated.  306. 

Whale,  f(  sail  in  Quebec,  Kalm^  242. 

Wheat-stone  bridge,  generalization  of.  238. 

White,  G.  A.,  age  of  coal  in  Rio  Grande 
region,  18;  relation  of  oontemporaneous 
fossil  faunas  and  floras,  364 ;  review  of 
Palffiocrinoidea  of  Wachsmuth  and  Spring- 
er, 164. 

Whitfield,  J.  £.,  analyses  of  meteoric  irons, 
600. 

Williams,  A.,  Jr.,  Mineral  Resources  of  U. 
Slates,  317. 

Williams,  G.  H.,  Modem  Petrogniphy,  79; 
uorites  near  Peekskill,  N.  T.,  135,  191 ; 
orthoclase  in  norite,  243. 

Wings  of  birds,  movements  of,  422. 

Wright,  G.  F ,  Muir  glacier,  1. 


Zoology— 
Chrysalides,  gilded,  32 1 . 
Medusa,    rhizostomatous.    New    England, 

Fewkea,  119. 
See  further  under  Geology. 
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